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Ushio Develops Low-Cost Production Equipment 
for Micromachine Parts 


95FE0296A Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 23 Jan 95 p 13 


[FBIS Translated Text] Using the optical molding tech- 
nology, Ushio Inc. (Ushio) (President: Mr. Taizo 
Yumoto) developed an inexpensive device for manufac- 
turing micro-machine parts for R&D, and began com- 
mercial production. The device permits molding control 
on the order of one micron. For normal micro-machine 
manufacture, the etching technology with an expensive 
stepper (a minification projector-type exposure device) 
is used. The optical molding technology is one of the 
methods to create a solid model by laminating many 
layers of laser-hardened resin. The technology permits 
easy preparation of complex solid shapes, so the new 
device is expected to spur R&D activities concerning 
micro-machines including prototype models. The price 
of the device developed by Ushio starts at ¥ 7.85 million 
and up. 


Optical molding devices currently on the market use a 
laser beam with a diameter of 50 to 80 microns, too large 
for microfine molding. Ushio developed a special 
helium-cadmium laser capable of generating a thinner 
beam, and further condensed the beam with a lens to 
achieve a laser beam diameter of seven to eight microns. 


Another advantage of Ushio’s device is that the laser can 
be irradiated from underneath to improve the precision 
of the object to be molded. Most optical molding devices 
irradiate a laser beam from above on a tank containing a 
light-hardening resin. As soon as one layer is hardened, 
the ramp is lowered to harden the next layer. This 
process is repeated to laminate many hardened yers. In 
contrast, in the device developed by Ushio, the resin 
tank has a glass bottom through which the laser is 
irradiated, and the molded layer is pulled upward. 
Therefore, the process is not affected by the surface 
tension of the resin, and a constant thickness can be 
maintained for each layer. The new device permits the 
preparation of solid models as large as 30 mm on a side, 
with a precision of one micron on all three directions: 
side-to-side; front-to-back; and up-and-down. However, 
this precision control does not agree with the precision 
for a molded object, because the resin undergoes con- 
traction after hardening. Therefore, it is impossible to 
produce models whose front-to-back or side-to-side 
dimension is less than the beam diameter. 


Fanuc Develops Robot Using Linear Motor Drive 


95FE0296B Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 24 Jan 95 p 12 


[FBIS Translated Text] Fanuc Ltd. (Fanuc) developed a 
robot whose travel shaft is driven by a linear motor. The 
company will soon install the robot to some production 
lines at its own factory, and in September 1995, the sale 
of the robot will begin to customers. This robot is the 
first product made with the linear motor that Fanuc 
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licensed in 1994 from Anorad Corp. of the U.S. (New 
York State; President: Anwar Chitayat). Although Fanuc 
has been investigating the possible installation of the 
robot on machine tools, jointly with Japanese and for- 
eign machine tool makers, it appears that much more 
time is needed for commercialization. Thus, Fanuc will 
first try the robot on its own products for the propaga- 
tion of linear motors. 


Compared to traditional rotary motors, linear motors 
are more precise in acceleration and high-speed opera- 
tion; and maintenance is also easier. The particular 
linear motor of Anorad Corp. can generate a maximum 
speed of 480 m/min, much faster than ordinary motors. 
Its acceleration can be as high as 10G. However, Fanuc 
limited the speed and acceleration for the robot to 180 
m/min and 0.4G, respectively, because it becomes diffi- 
cult to control positioning at a high speed. 


Fanuc will install the linear motor first on vertically 
articulated robots, and then plans to install the same on 
two-armed robots. These robots will move about through 
the action of the linear motors driving the robots’ travel 
shafts. According to President Kiyoemon Inaba, the 
linear motor can effectively reduce time loss associated 
with movement because “the linear motor can make 
movement much faster than the previous motor.” Until 
September 1995, when Favuc will begin receiving 
orders, the robot will be tested on Fanuc’s own produc- 
tion lines for its performance and capabilities. 


According to the agreement, Fanuc manufactures the 
entire product line of Anorad Corp.’s linear motors, and 
has the exclusive right to sell them in Asia and the 
non-exclusive right to sell them in other areas. In the fall 
of 1994, Fanuc had begun manufacturing, under the 
license, two different types of robots with high-thrust. 


Fanuc is also involved in a joint development project 
with Japanese and European machine tool makers to 
develop linear motor-driven machine tools. It has been 
“taking more time than anticipated” (President Inaba) 
for the project to reach the point of commercialization, 
because additional heat treatments and machine part 
re-designing have become necessary. Thus, Fanuc 
decided to use the linear motor to the robots not only for 
the promotion of its propagation, but also for the main- 
tenance of production operation for the motor for which 
shipment is expected to begin in April 1995. 


Japanese Machine Tool Firms Advancing into 
China 


95FE0296C Tokyo NIHON KOGYO SHIMBUN 
in Japanese 6 Feb 95 p 19 


[FBIS Translated Text] Major construction machine 
makers, including Komatsu Ltd. (Komatsu) and Hitachi 
Construction Machinery Co., Ltd. (Hitachi Construc- 
tion), one after another began joint venture projects in 
China. The construction machinery market in China is 
rapidly growing with the gigantic project of “Sanxia 
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Dam” with a total engineering cost of ¥ 1.2 trillion, the 
upgrading of infrastructures and the advancement of an 
increasing number of overseas enterprises. At the same 
time, the Japanese companies are envisioning the estab- 
lishment of export bases for Southeast Asia markets to 
circumvent the yen appreciation problem. This is a 
report on the current status and future goals of China 
ventures by Japanese machine industry companies spe- 
cializing in machine tools and precision machinery, 
particularly construction machinery. 


Construction Machinery 


At the end of January 1995, each of two major construc- 
tion machinery makers, Komatsu and Hitachi Construc- 
tion, decided to establish a joint venture manufacturing 
company in China. 


By the end of April 995, Komatsu, jointly with Chang- 
zhou Forestry Machinery Corp., a construction 
machinery maker in Changzhou City, Jiangsu Province, 
plans to set up “Komatsu Changzhou Engineering 
Machinery Co., Ltd.,” (capitalization at $21 million or 
approximately ¥ 2.1 billion which Komatsu shared one 
half) in Changzhou City to manufacture and sell wheel 
loaders. Komatsu expects the joint venture company to 
start, in July 1996, the production of four types of mid to 
large wheel loaders with a bucket capacity ranging from 
2.5 to 4.2 m*. The annual production capacity is 
expected to reach 2,400 units in Year 2000. 


Hitachi Construction’s partner is Hefei Mining 
Machinery Corp. in Hefei City, Anhui Province. Also in 
April 1995, these two companies will create a joint 
venture hydraulic shovel company, “Sino-Foreign Joint 
Venture Hefei-Hitachi Excavator Co., Ltd ”’ (capitaliza- 
tion at 250 million wongs or approximateiy ¥ 3 billion, 
55 percent of which was invested by Hitachi Construc- 
tion). The joint venture company plans to start operating 
its new factory by the end of 1995, and manufacture 900 
units of machinery during 1996, with the capacity 
expanded to 2,000 units in Year 2000. 


Incidentally, the first Japanese construction machinery 
maker that decided to establish a base in China was 
Kobe Steel, Ltd. (Kobe Steel). In October 1994, Kobe 
Steel already inaugurated “Chengtu Shinko Construc- 
tion Machinery Co., Ltd.,” in Chengtu City, Szechwan 
Province, with an initial capital of $1 million or approx- 
imately ¥ 100 million, 45 percent of which was paid by 
Kobe Steel. Today, this company is assembling parts 
shipped from Japan into two types of hydraulic shovels. 
Although the current production capacity is still approx- 
imately 50 shovels per year, the volume is expected to 
increase to above 1,000 shovels per year in June 1996 
when the facility installation is completed, and local 
parts procurement is fully arranged. 


At the same time, the Caterpillar Group has been getting 
ready to begin operation in mid-1995, since the April 
1994 establishment of two joint venture companies by 
Caterpillar Corp. of U.S.A.; i.e., “Caterpillar Shanghai 
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Engine Co., Ltd.,” in Shanghai City for production and 
sale of diesel engines; and “Caterpillar Xiuzhou Co., 
Ltd.,” in Xiuzhou City, Jiangsu Province, for production 
and sale of hydraulic shovels. In connection with these 
ventures, New Caterpillar Mitsubishi Ltd. (New Cater- 
pillar Mitsubishi) of Japan was to assist their business 
through raw material procurement and production man- 
agement. Some time during the month of February 1995, 
the company is expected to dispatch five or six staff 
members to the two locations in China. 


Thus, it appears that almost all the Japanese major 
construction machinery companies have established 
their respective footholds in China, primarily in the 
regions along the Chang Jiang (Yangtze River). Now, 
these companies are watching intently the “Sanxia 
Dam” project, a Chinese national government project 
that began in the end of 1994 with activities concen- 
trated mostly in Hubei Province. This gigantic project 
aims at constructing the world’s largest dam and hydro- 
electric plant by blocking the middle stream of Chang 
Jiang. The project is expected to last for 15 years; its total 
cost is estimated to reach 100 billion wongs (approxi- 
mately ¥ 1.2 trillion). Thus, the construction work will 
last until Year 2009. 


Spurred by this “Sanxia Dam” project, the Chinese 
market for construction machinery is entering a rapid 
growth period with progress in infrastructure upgrading 
and advancement by foreign businesses. Kobe Steel and 
Hitachi Construction estimate that the demand for 
hydraulic shovels in China will increase from the current 
approximately 10,000 units per year to more than 20,000 
units per year in Year 2000. Komatsu also thus forecasts 
for the wheel loader market, “Although approximately 
10,000 units per year were sold in 1991, the number 
should exceed 20,000 in 1995.” 


In addition to responding to these increasing demands, 
Japanese companies have two other objectives in 
advancing their bases into China. One is to establishing 
the low-cost production base to supply Southeast Asia 
markets, and the other is to securing a part supply base 
for Japan. 


Komatsu has already been exporting some of its China- 
made machinery to Southeast Asia, and planning to use 
the same production base to supply parts to Japan. 
According to President Hajime Sakuma, New Caterpillar 
Mitsubishi also plans to “export some of its China-made 
cast and welded parts back to Japan” by taking advan- 
tage of its support activities for the Caterpillar joint 
venture businesses. 


In addition, after its Chinese joint venture business 
begins full-scale operation, Kobe Steel plans to establish 
a mutual part supply system between its Chinese, Japa- 
nese and the U.S. production bases in order “to flexibly 
cope with exchange rate fluctuations with an interna- 
tional part procurement network,” according to Director 
Senji Ogawara. Kobe Steel aims at increasing the over- 
seas procurement rate in Japan from the current less 
than 10 percent to more than 20 percent. 
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Shipbuilding Heavy Machinery 


In order to boost their international competitive erige 
which has suffered from the yen’s appreciation, Japan’s 
shipbuilding companies have begun producing ship 
equipment, such as ladders and handrails, in China 
through a joint venture arrangement. 


Sumitomo Heavy Industries, Ltd., and Oshima Ship- 
building Works, Ltd., (Oshima-cho, Nagasaki Prefec- 
ture), jointly with China Shipbuilding Corp., established 
a joint venture company to produce shipping-related 
parts. Hitachi Zosen Corp. has started manufacturing 
ship machineries at a joint venture company which was 
formed with Dalian Shipbuilding Corp. (Tianjin City), 
the largest, government-owned shipbuilding company in 
China. 


As for industrial machinery-related areas, Mitsui Engi- 
neering & Shipbuilding Co., Ltd., with two Japanese 
companies, including its steel cast product manufac- 
turing and marketing subsidiary Date Seiko K.K. (Date 
City, Fukushima Prefecture), joined forces with Tianjin 
Sanda Foundry Co., Ltd., (Tianjin City) to form a joint 
venture company for the purpose of manufacturing cast 
items for industrial machinery. These Japanese compa- 
nies are trying not only to import these inexpensively 
made products entirely back to Japan, but also to make 
these manufacture bases into their export bases for 
Southeast Asia by eventually adding steel structural 
products to the product lines. 


Machine Tools 


Local production in China has barely begun for Japanese 
machine tool makers. In February 1994, KYC Machine 
Industry Co., Ltd., (KYC) (Yao City, Osaka Prefecture), 
a 100 percent-owned subsidiary of Koyo Seiko Co., Ltd., 
pioneered a joint venture with a local machine tool 
maker in Wuxi City, Jiangsu Province. Although KYC 
had planned to manufacture centerless grinders starting 
in September 1994 at the joint venture company, the 
plan was placed in abeyance because “The partner's 
desire for facility investment was less than expected,” as 
alleged by KYC. The production is scheduled to start 
after the spring of 1995 when Chinese trainees return 
after completing their training in Japan. 


In addition, in May 1994, Sodick Co., Ltd. (Sodick), an 
electric discharge machine maker in Japan, established a 
joint venture company in Suzhou City, Jiangsu Prov- 
ince. In the fall of 1994, this joint venture company 
began producing electric discharge machines. Subse- 
quently, Sodick inaugurated its second joint venture 
company in the vicinity of the first company. With the 
two joint venture companies, Sodick plans to increase 
the production capacity in China from the current 10 
machines per month to 40 machines per month by the 
end of 1995. Also, Sodick is not only planning to 
re-import these machines to Japan, but is also working 
with a Thai company for the preparation of exporting 
these machines. 
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Precision Machines 


In addition to Japanese construction machinery makers 
trying to deal with infrastructure upgrading in China, 
and Japanese machine tool makers trying to boost 
facility investment in China, Japanese companies in the 
precision machinery industry are also focusing their eyes 
on consumers markets in China. 


Citizen Watch Co., Ltd., of the watch industry estab- 
lished two manufacturing and marketing companies in 
China: Guancheng Enterprise (Dongwan City) and Cit- 
izen Watch Co., Ltd. (in a suburb of Beijing City). 


In March 1994, Guancheng Enterprise began produc- 
tion, while in May 1995, Citizen Watch Co., Ltd. is 
scheduled to start operation. 


Hattori Seiko Co., Ltd. (Hattori Seiko), established two 
watch sales organizations in its resident staff office in 
Beijing and Seiko Hong Kong Co., Ltd., in Hong Kong. 
Hattori Seiko expects the sale of 200,000 watches per 
year by March 1995 by forming a semi-knockdown 
product supply system at Guangzhou Huaguang Watch 
Co., Ltd., to which watch parts will be supplied. This 
company has been holding a consigned fabrication agree- 
ment with a Hong Kong subsidiary of Seiko Electronic 
Industry Co., Ltd. 


Similar activities of some companies in the camera 
industry are as follows. In March 1994, Olympus Optical 
Co., Ltd. (Olympus), incorporated its production base in 
Shenzhen City where Olympus had been operating a 
fabrication plant on consignment. Olympus plans to 
drastically increase its overseas production ratio from 35 
percent in FY93 to 60 percent in FY95. Accordingly, the 
company is hiring more workers at the plant in Shen- 
zhen, and accelerating the automation in the plant. 


In 1994, Minolta Camera Co., Ltd., established a joint 
venture company with a Chinese company to embark on 
the camera and copier businesses. In the spring of 1995, 
the joint venture company is expected to start produc- 
tion of cameras in Shanghai. Initially, compact and 
single-lens reflex cameras will be produced at a rate of 
20,000 cameras per month which is to be increased five 
times within the next three years. 


Fujitsu Develops Faster CAD Software 


95FE0296D Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 2 Feb 95 p 7 


[FBIS Translated Text] Fujitsu Ltd. (Fujitsu) (President: 
Mr. Tadashi Sekizawa) developed a fast CAD system 
“Design Theater,” capable of reducing by more than 50 
percent the time required by the previous technique for 
designing high-density printed circuit boards and multi- 
chip modules. Although the software was originally 
developed for in-house usage, it will be sold to outside 
customers from April 1995. The new CAD system is 
based on the new technique of using a computer early in 
the upstream conceptual design stage, where today 
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manual design is normal, to drastically improve the 
overall design efficiency through the downstream detail 
design stage. Year after year, components have been 
mounted on a circuit board with increasing density anu 
complexity, causing a long delay in the design process. 
The new software is expected to draw attention to 
become the next generation’s system that can eliminate 
the delay. 


Usually in the beginning of printed circuit board design, 
a designer either visualizes or sketches on paper the 
arrangement of components and circuits on a board. 
Based on this concept, he arranges components and uses 
an automatic wiring tool to lay circuits. However, with 
the trend of increasing density for circuit boards, it has 
become difficult to complete the wiring job with the 
automatic tool, and more and more design jobs are being 
repeated. 


With the newly developed system, a designer begins a job 
with a floor plan (for component arrangement) te opti- 
mize component arrangement and wire layout strategy 
through simulation of wiring capability, delay time and 
thermal analysis. The floor plan will permit complete 
automatic wiring in the downstream stages. Using its 
own arrangement know-how, Fujitsu incorporated in the 
floor plan a navigation arrangement function for seeking 
an optimal arrangement for components. It is also pos- 
sible for a user to incorporate his own arrangement 
know-how into the floor plan. 


After the wiring sequence and the wiring technique have 
been decided in the floor plan stage, an automatic wiring 
program is written for various sets of design data. 
Depending on the nature of design data, a wiring algo- 
rithm (computational sequence) can be modified to 
eventually obtain an automatic wiring program. Thus, 
the circuit as initially conceived will be guarantced. A 
patent application has been filed for this design tech- 
nique. 


With the existing automatic wiring tool, a circuit 
arrangement frequently results differently from that 
originally conceptualized, because the tool processes 
design data of all circuit boards with fixed algorithm. 


The new system will be sold as a conceptual design 
package for Fujitsu's printed circuit board CAD “ICAD/ 
PCB.” The system can be used with the work station “S 
Family.” The system is priced at ¥5 million and up. 
Fujitsu hopes to sell 1,000 sets of this system in the next 
three years. 


Machine Tool Makers Looking To Boost Exports 


95FE0296E Tokyo NIHON KOGYO SHIMBUN 
in Japanese 30 Jan 95 p 15 


[FBIS Translated Text] Although it has been reported 
that business, led by general consumer products, is on its 
recovery path, the recovery of industrial machinery- 
related businesses that heavily depend upon facility and 
equipment investment in the private sector appear to be 
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lackluster. According to a report by the Japan Society of 
Industrial Machinery Manufacturers (JSIMM), the 
orders received from private manufacturers showed an 
annual decline for three years in a row since FY91, and 
are estimated to be flat at best for FY94. Therefore, 
major makers, such as Mitsubishi Heavy Industries, Ltd. 
(MHI), and Ishikawajima-Harima Heavy Industries Co., 
Ltd. (IHI), are tryin to boost their export business by 
re-structuring their sules strategies. One wonders when 
the industrial machinery business will make full 
recovery. 


Slim Hope for V-shaped Business Upswing 


Vice Presiden: Takao Mikoshiba, IHI, says, “Although I 
expect an increase in orders at IHI in 1994 compared to 
1992 and 1993, the overall industrial machinery busi- 
ness is not yet fully recovered. The upward trend is 
expected for the business in 1994. However, the trend is 
not uniformly positive for all types of machines.” 


Vice President Nobuyuki Masuda, MHI, predicts. “I 
don’t think we are there yet. Even if our business has 
recovered, we can no longer hope for a V-shaped 
upswing as before. The climb will be more moderate. 
Full revovery will probably come in 1996 or later.” 


Most of the top executives in the machinery industry are 
dubious about the government’s announcement, “Busi- 
ness has bottomed out, and is on its way to recovery. ” 
Since the machinery industry usually tends to lag behind 
the business trend, some segments of the industry may 
feel the upward trend anywhere from one to two years 
later. Unless production activities return to a full-scale 
basis, it is difficult for corporations to receive an 
increasing amount of orders, because their business 
depends heavily on the facility investment in the private 
sector. 


It is generally viewed, “There are not many machinery 
makers that want to further invest on facilities on the 
strength of a minuscule sale after overextending them- 
selves in facility investment during the bubble era. 
Today, the average operation rate among machinery 
companies is approximately 70 to 80 percent. It still 
looks like there is excess capacity.’ Therefore, the gen- 
erai consensus is, “(Business recovery) will not happen 
before the end of 1995.” 


Prosperous Chemical Machinery and Pump Businesses 


According to the report of JSIMM, the amount of orders 
received for the entire industrial machinery industry 
peaked in FY91 at ¥6,315.2 billion, decreased 2.3 
percent to ¥ 6,166.8 billion in FY92, and increased 1.6 
percent to ¥6,266.8 in FY93. However, individually 
checking each segment of the industry, we find that the 
increase came from the non-manufacturing segment 
including electric power business, the government/ 
public segment including waste and water processing 
facility businesses, and the export segment primarily for 
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new plants, and that the private-sector manufacturing 
segment continued declines every fiscal year since FY91. 


The trend is not much better in FY94, as indicated by 
the seesaw trend for the amount of orders received in 
each month of FY94 from the manufacturing segment. 
Both in May and August 1994, the order amounts 
exceeded more than 30 percent over the same period in 
1993. These increases were made by chemical 
machinery, pumps, boilers and motors. The amounts of 
orders received for chemical machines and pumps were 
higher because of a rush of “orders for ¥ 15 billion 
desulfurizers for heavy and light oils to be used by the 
petroleum and coal product industries.” The rush is 
apparently over and is not expected to be a factor for 
increasing the amount of order received for the entire 
private-sector manufacturing segment in the future. 


The only bright spots for the industrial machinery 
industry may be the boiler and motor segment for 
private power generation at factories, and the synthetic 
resin fabrication machinery segment that caters to the 
electric machinery industry where facility investment is 
becoming increasingly active. 


Therefore, for the last several years, heavy industry 
companies have been emphasizing their export business 
to offset the sluggish domes*ic demand. President Ken- 
taro Aikawa, MHI, confidently states, “Although we 
struggled with intermediate-volume products, such as 
printing machines and machine tools, our export busi- 
ness is being steadily expanded through cost reduction 
and low-priced machinery development.” 


In its mid-term plan (FY94 through FY97), MHI is 
aiming to increase the export business ratio from the 
current 25 percent to above 30 percent. MHI’s industrial 
machinery business division, which handles intermedi- 
ate-volume products, such as printing and food 
machines, has already achieved the 30 percent export 
ratio in FY93. It is certain that in FY94, this division 
will post a higher amount of orders received and a higher 
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export ratio than in FY93. To expand the export busi- 
ness against the yen’s appreciation, MHI had to make 
sweeping cost reduction. The company re-examined the 
functions and specifications of each and every product, 
and achieved 30 to 40-percent price reduction for 
printing and food machines. 


Also, the industrial machinery business division of IHI is 
showing its emphasis on the export business. For the last 
five years, the export business ratios of this division 
ranged from several percent to approximately 10 percent 
at most. However, in the first half of FY94, the amount 
of orders received reached ¥ 160 billion, or 14 percent 
over the FY93 second-half’s, and the export orders 
amounted to ¥ 46 billion, or 30 percent of the total 
business. The order receivable target for the second half 
of FY94 is set at ¥175 billion, of which the export 
business is “expected to be either the same as or better 
than the first half’s figure,” (per Vice President Miko- 
shiba). 


Three or four years ago, when the Japanese business 
began to slow down and facility investment hit the 
ceiling, IHI organized caravans of salesmen who trav- 
elled through Southeast Asia for sales campaigns. The 
increase in orders received from overseas is attributed to 
the campaigns. 


No Doubt About Upward Outlook 


These heavy industry companies are strengthening their 
export business directed primarily to the Asian regions 
where economic activities are flourishing. 


On the other hand, the domestic atmosphere concerning 
industrial machinery-related businesses is at a standstill, 
although it is certainly showing an upward outlook. It 
will not only help recovering the domestic business 
conditions, but also strengthen the business management 
base, to secure the expanded export business during this 
particular period of recession. At the same time, the 
industrial machinery industry can catch up with the 
electric machinery and automobile industries in pro- 
moting internationalization. 
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Proposal for Computer Science Project for 

Development of New Materials 

95FE0303A Tokyo NIKKEI SANGYO SHIMBUN 

in Japanese 24 Feb 95 p 5 

[FBIS Translated Text] 


Report By Council for Aeronautics, Electronics, and 
Other a Technologies 

The Council for Aeronautics, Electronics, and Other 
Advanced Technologies (an advisory body to the Science 
and Technology Agency’s (STA) Director General; 
Kunimi Umezawa, Chair) compiled a report on how to 
promote the development of new materials through 
utilization of high function computers, and submitted it 
to STA Director General Tanaka on the 23d. “Computer 
science” methods, in which computers simulate phe- 
nomena that are difficult to verify through experiments 
such as the behavior of atoms and molecules, are helpful 
in researching a wide variety of materials, like metals, 
semiconductors, polymers, and biomolecules; therefore, 
the government is being asked to come up with a policy 
for a comprehensive promotion project. 


The report points out that computer science has become 
an effective too’ in basic materials science research and 
new materials development, as parallel processing (in 
which a number of computers are linked together) and 
networking has made advances. On the other hand, the 
report observes that Japanese research organizations lag 
behind those of other advanced countries; for example, 
much of the software in this field must be imported from 
Western countries 


Therefore, the report proposes the promotion of mea- 
sures such as: 


1. provision of a research environment through setting 
up computers and software distribution; 


2. visualization of computing methods and result: and 
development of graphic image technologies; 


3. fostering of talented personnel and promotion of 
scientist exchanges. 


Computer science is said to be the third kind of science, 
following theory and experimentation. 2.74 billion yen 
of the government's proposed budget for fiscal 1995 will 
be earmarked for the STA’s computer science budget. 


Tohoku University Develops C60 Thin Film By 
Catalytic Ionization Method 

95FE0303B Tokyo NIKKAN KOGYO SHIMBUN 

in Japanese 23 Feb 95 p 5 


[FBIS Translated Text] 


Free Manipulation of Electrical Properties, From 
Insulator tc Semiconductor to Metal; Will Stienatate 
New Functional Materials 


Sendai—Professor Noriyoshi Sato and colleagues in 
Tohoku University’s Faculty of Engineering have suc- 
cessfully formed a polymer thin film based on C60, the 
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so-called “carbon soccer ball”, on a glass substrate with 
gold electrodes affixed to it by using a low temperature 
plasma of 2,000°C. An ultra-fine particle plasma was 
created by introducing C60 particles into a potassium 
plasma, and a thin film was precipitated onto a substrate 
to which voltage was applied. The scientists also ascer- 
tained that the thin film’s electrical properties could be 
freely controlled, from insulator to semiconductor to 
metal, by altering the voltage applied to the substrate 
toward the plasma. This success would appear to open 
the way towards development of new functional mate- 
rials based on C60. 


Plasmas are usually created through electrical discharge 
within a strong electrical field, and chemical reactions 
such as decomposition and polymerization occur when a 
reaction gas is introduced, making thin film formation 
and etching possible. Prof. Sato and his colleagues cre- 
ated a low temperature plasma through catalytic ioniza- 
tion, which is a different method, and then formed on a 
substrate an alkaline fluoride thin film based on C60, 
which has gained attention as a next-generation new 
material. 


While fine particles of C60 were introduced into a 
potassium plasma with electron temperatures of 2,000°C 
within a vacuum chamber, creating an ultra-fine particle 
plasma, a thin film was precipitated onto a substrate to 
which voltage was applied. At this point the researchers 
found that a thin film having various electrical proper- 
ties could be formed simply by controlling the voltage 
applied to the substrate toward the plasma, because the 
ultra-fine particle plasma consists of potassium positive 
ions, C60 negative ions, and a number of electrons. A 
C60 thin film can be easily doped with alkali metals, and 
is attracting attention as a next-generation new material 
that will give to what are essentially semiconductors the 
functions of superconductors, metals, and insulators, 
depending on the dopant addition ratio. 


Prof. Sato and his colleagues are studying thin film 
composition in the processing stage by using ultra-fine 
particle plasma in film creation, and are researching film 
thickness control and the control of electrical properties. 
Actual experiments took place within a vacuum chamber 
of a fixed circumference, with an electric field of 2-4 
kilogauss. A tungsten plate was heated and potassium 
plasma was ionized within the chamber. C60 particles 
sublimated at about 400°C were mixed in, and an 
ultra-fine particle plasma was created. When the plasma 
was being created, it was confirmed that the minimum 
resistance was | ohm when | volt was applied to the glass 
substrate toward the plasma’s electric potential, and 
maximum resistance was 100,000 ohm when 10 volts 
were applied. In addition, the ultra-fine particle plasma 
created contains C60 negative ions, and is a “Fullerene 
plasma’’, so to speak. The plasma can be mixed with 
metals other than potassium as well, and it seems that 
the development of new functional materials based on 
C60 will be stimulated if practical applications are 


possible. 
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Tokyo University Develops High Toughness, Self 
Diagnostic Ceramics 

95FE0303C Tokyo KAGAKU KOGYO NIPPO 

in Japanese 10 Feb 95 p 8 


[FBIS Translated Text] 


Change in Electric Resistance Detected By Introducing 
Conducting Phase 

Professor Hiroaki Yanagida of Tokyo University’s Fac- 
ulty of Engineering and Chief Supervising Scientist 
Hideaki Matsubara and others at Japan Fine Ceramics 
Center’s research institute have developed a ceramic 
with high toughness that also performs fracture and 
damage self diagnosis. Toughness was improved by 
introducing reinforced fibers and a conducting phase 
into SiN (silicon nitride} and other ceramics; in addition 
to dealing successfully with brittleness, the biggest dis- 
advantage of ceramics, fractures and damage can be 
checked by reading the electric resistance of the con- 
ducting phase. The research group will now manufacture 
a gas turbine and high temperature filter made of this self 
diagnostic ceramic, perform fatigue tests under actual 
operating conditions, and will gather data for practical 
applications. The results will be presented at the Japan 
Ceramics Association annual meeting, to be held April 
1-3 at the Tokyo Institute of Technology’s Okayama 
campus. 


The self diagnostic ceramic developed by the research 
group consists of SiC (silicon carbide) reinforced fibers 
and SiN-TiN (titanium nitride) introduced as the con- 
ducting phase, within a SiN matrix. Creation of a com- 
posite with long fibers gives the material high toughness; 
but the conducting phase enables reading the stress load 
as well as fractures and damages, such as microscopic 
deformations that arise internally and microcracks, 
through changes in electric resistance. 


A preform for the actual SiN, SiC fiber, and SiN-TiN 
material was made with the filament winding method, 
and a sample was produced by hot pressing at a nitrogen 
gas current temperature of 1,500°C and pressure of 40 
‘MPa (megapascal). A four point bending test was per- 
formed; the fracture behavior indicated that the relation- 
ship between load and electric resistance was nonlinear. 
Toughness was improved by creating the composite, and 
the research group confirmed that the electric resistance 
at the time of fracture (maximum load) changes sud- 
denly. Furthermore, when the load was 50% of the 
maximum load and electric resistance was checked after 
the stress was relieved, there was residual electric resis- 
tance, and load history was retained. 


During repeated load tests with four point bending 
fatigue tests, the changes in the value of the electric 
resistance increased in response to the increase in the 
number of repetitions, and the position of the lowest 
value became higher as the number of repetitions 
increased; therefore it was understood that the accumu- 
lation of damages to the material remained and was 
stored in the electric resistance. 
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Ceramics have superior properties, including heat resis- 
tance, abrasion resistance, and high strength, and the use 
of ceramics as functional and structural materials has 
increased, but their disadvantage is brittleness in spite of 
their hardness. Although new ceramics are being devel- 
oped in order to improve on this drawback through 
combinations with long fibers and dispersed phases, 
toughness is not highly reliable at present. If the ceramic 
material itself is given functions for detecting and 
imparting information on its own fatigue and fractures, 
conditions of deterioration could be known, and could 
be utilized as data to confirm material reliability. 


Moreover, it was proven that a self diagnostic function 
has come about through combining a matrix of SiN, SiC, 
or aluminum with fibers, particles, or whiskers of sub- 
stances such as titanium and tungsten as reinforcement 
fibers or as a conducting phase. In the future, materials 
tailored to use will be developed, and the mutual rela- 
tionship between deterioration and conditions such as 
fatigue tests and temperature changes will be analyzed, 
and data collected. 


Joint Group Develops Supersonic Nondestructive 
Measuring Technology 


95FE0303D Tokyo KAGAKU KOGYO NIPPO 
in Japanese 10 Feb 95 p 8 


[FBIS Translated Text] A research group consisting of 
industry, academic, and government members started by 
the Science and Technology Agency (STA) has succeeded 
in improving a “supersonic nondestructive measuring 
technology”, which is a means for studying materials. If 
this technology is utilized, the conditions within mate- 
rials can be known. The Tokyo Institute of Technology, 
Nippon Steel Corp., the Ministry of International Trade 
and Industry’s Mechanical Engineering Laboratory, and 
STA’s National Research Institute for Metals have been 
researching techniques for creating and detecting super- 
sonic waves and analyzing the detected scattered waves. 
The goal is to advance technologies for non-contact 
measurement of properties of materials by using super- 
sonic phenomena, and the research group has produced 
innovative results. 


This recent success came about through a project entitled 
“Research on Basic Technologies for Quantitative and 
Intellectual Nondestructive Evaluation Methods for 
Materials and Structural Substances that Require High 
Reliability”, promoted by STA and sponsored by Special 
Coordination Funds for Promoting Science and Tech- 
nology. The research focussed on “‘Nondestructive Eval- 
uation Based on Supersonic Waves’. In this method, 
supersonic waves are produced in materials in which 
scientists want to study interior conditions. As a result, 
the waves transmitted to the interior are subjected to 
scattering that reflect interior conditions, depending on 
the material’s internal structure and various internal 
defects existing in the material. The material’s internal 
conditions can be known by detecting and analyzing 
these scattered waves. 
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The Tokyo Institute of Technology and Nippon Steel, 
which are in charge of research on microwave electro- 
magnetic supersonic technology, observed thai super- 
sonic waves could be produced and detected without 
touching the material under study if “electromagnetic 
supersonic phenomena” was utilized. Through advances 
in a method for producing these waves, the basic tech- 
nology was developed for an ultra-high frequency elec- 
tromagnetic supersonic method that can be used when 
the production of sipersonic waves through contact is 
difficult in principle, as well as under extrenw: conditions 
such as high or extremely low temperatures. The fre- 
quencies that can be produced have been improved to 
more than two places compared to existing methods; this 
is the first time in the world that such a figure has been 
achieved. The method is expected to be useful in evalu- 
ating materials under a coating and in investigating 
defects within the adhesive surface of metal sheets. 


The National Research Institute for Metals, which is in 
charge of research on supersonic measurement of 
damping materials, has proposed a concept known as a 
“supersonic wave propagation system” that infers the 
supersonic wave form that is propagated through the 
material. The Institute developed a fast and highly 
precise method for measuring sonic speed in the | to 15 
MHz frequency range and frequency dependence of 
supersonic wave damping, through frequency response 
analysis of the supersonic pulse wave form. If this new 
method is utilized, nondestructive evaluation of, for 
example, the degree of conglobation of graphite within 
cast iron could take place without cutting and polishing 
of the material. It is expected to be a new research 
method for, among other things, developing a cast iron 
with even better mechanical properties. 


Japan-Germany Joint Research Project for 
Superplastic Ceramics Begins 

95FE0303E Tokyo KAGAKU KOGYO NIPPO 
in Japanese 9 Feb 95 p 8 


[FBIS Translated Text] 


Five Year Project for Explanation at the Atomic Level 


A Japanese-German joint research project on ceramics 
superplasticity, for realizing the “dream technology” of 
unrestricted ceramics processing, has begun. The 
Research Development Corporation of Japan (JRDC) 
and the Max Planck Metals Institute will spend approx- 
imately 2 billion »en over five years to elucidate the 
ceramic superp)astic phenomenon at the atomic level 
and to promece actual deveiopment of materials, which 
will be tied to practical applications of ceramic super- 
plastic processing and the development of ceramic gas 
turbines with superior thermal efficiency. 


The joint Japanese-German research on ceramics super- 
plasticity was inaugurated as a link in JRDC’s interna- 
tional joint research project, which was established in 
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1989. Super Deformation Functions Lab Director Chi- 
kahiro Wakai, in the Structural Processing Department 
of the Agency of Industrial Science and Technology's 
Government Industrial Research Institute in Nagoya, 
and Professor F. Alzinger of the Max Planck Metals 
Institute are the Japanese and German represeniatives. 
Research organizations are being provided within the 
Fine Ceramics Center in Nagoya and the Max Planck 
Metals Institute in Stuttgart, and will become operative. 


“Superplasticity” is the property in which a material 
greatly deforms and elongates much like chewing gum 
when a force is exerted from the outside at relatively low 
temperatures below the material's melting point, with no 
loss of the material's basic characteristics. This phenom- 
enor is well known in metals, and is utilized in materials 
in the aerospace field, such as in nickel-based super heat 
resistant alloys. 


In contrast, the interatomic forces are quite strong in 
ceramics, and therefore ceramics exhibit characteristics 
such as superior heat and abrasion resistance and 
strength that surpass that of other materials. However, 
ceramics are hard but brittle, and hardly deform at all; 
processing into unrestricted shapes is difficult, and con- 
stituted a big difference between ceramics and metals. 
This conventional wisdom was disproved about 10 years 
ago here in Japan. In 1985, government research worker 
(at that time) Wakai was the first to discover the 
ceramics superplastic phenomenon in zirconia, and 
immediately gained international fame in the field of 
advanced research. 


Since then, scientists all over the world have been 
energetically engaged in research that has confirmed that 
the superplastic phenomenon occurs in other materials, 
such as silicon nitride, hydroxyapatite, and aluminum. It 
is now known that ceramics superplasticity is far from 
being a unique phenomenon, and that it arises when the 
crystal grain diameter approaches the nanometer scale; 
the phenomenon is universal in fine particle polycrystal- 
line bodies, in which the crystal grains slip past one 
another while maintaining adherence at the grain 
boundary, and large deformations are produced due to 
realignment and rotation. 


The setting for the current Japanese-German joint 
research project is grounded in this context. Mr. Wakai, 
who discovered the phenomenon, and the Max Planck 
Institute, which developed a completely new ceramics 
production method using a polymer precursor with a 
highly controlled atomic configuration as the raw mate- 
rial, will embark on elucidation of the ceramics super- 
plastic phenomenon and development of materials. 


Approximately 20 members of the joint research team 
will participate in project planning in Japan and Ger- 
many. While half of these researchers are collaborating 
and taking part in exchanges, the Japanese team will 
tackle “superplastic dynamics”, and the German side 
will focus on “nanostructure processes”. It is expected 
that this project will bring about technologies that will 
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open up an entirely new world of ceramics, such as 
ceramics superplastic materials that can be freely 
deformed during processing and materials that do not 
deform at all, even at high temperatures. 


Yamaguchi University Develops High Efficiency 
Thermoelectric Conversion Materi 

95FE0304A Tokyo NIKKEI SANGYO SHIMBUN 

in Japanese 9 Feb 95 p 5 


[FBIS Translated Text] Professor Kakuei Matsubara’s 
group at the Engineering Department, Yamaguchi Uni- 
versity, developed a highly efficient thermoelectric con- 
verter capable of generating voliage from a temperature 
gap. The material is a compound of cobalt and anti- 
mony, with cobalt partially being substituted with palla- 
dium. The material can convert heat into electricity at 
efficiency of teen percent, which is more than 1.5 times 
greater than the previously most efficient converter. 
Thermoelectric converters are potentially useful for 
waste heat-utilizing power generation systems and 
directly (electrically) cooled devices without using a 
coolant. Thus far, the applications have been limited to 
the space and military fields because the conversion 
efficiencies have been rather low. The development of 
this new high-efficiency material is expected to spur the 
search for new practical applications. 


The thermoelectric converter developed by Professor 
Matsubara’s group is a type of semiconductor. In this 
compound, cobalt and antimony are arranged in an 
orderly fashion, and three to five percent of cobalt atoms 
have been substituted with palladium atoms. The group 
synthesized this material from the three starting metals 
as follows: the metals were melted by the arc melting 
method to form an alloy which was pulverized into 
particles with diameters of less than 200 microns; sub- 
sequently, the particles were molded, baked, and heat- 
treated in argon gas. 


The group confirmed that the material could convert 
teen percent of applied thermal energy into electricity. 
Previously, a compound of bismuth and tellurium had 
been the most efficient thermoelectric converter with 
efficiency of approximately nine percent. The thermo- 
electric conversion efficiency of 10 or more percent had 
been considered necessary for any converter to be com- 
mercially viable. Thus, this barrier was broken for the 
first time by the Yamaguchi University group. 


The group is still investigating various characteristics of 
this new material. Professor Matsubara says, “If incor- 
porated into an automobile’s engine, it is possible to 
recover electricity from waste heat to be stored in a 
battery.” Another potential use of this material is for 
refrigerators, because when currents are passed through 
this material, its one side becomes warmer while the 
other side is cooled. Professor Matsubara adds, “If we 
can improve the conversion efficiency further, we might 
be able to develop coolers that use no coolant, such as 
freon.” 
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One of the characteristics of a thermoelectric converter 
is that voltage can be generated across its ends by heating 
one side and cooling the other side of the material. A 
thermoelectric power generation system using a thermo- 
electric converter not only emits no carbon dioxide, but 
also can be made compact and durable because there are 
no moving parts like turbines. Thus far, a few applica- 
tions have been found for such thermoelectric converters 
in the space and military fields, e.g.. planet probes. 
However, for civilian uses, the conversion efficiency had 
been too low. 


ULVAC Japan Develops High Speed CVD 
System for Oxide Silicon 

95FE0304B Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 7 Feb 95 p 1 


[FBIS Translated Text] Ulvac Corp. developed a new 
CVD (chemical vapor deposition) device capable of 
rapidly synthesizing insulation films which are indis- 
pensahle for the formation of transistors to be used in 
large color liquid crystal display (LCD) devices. The film 
synthesis rate on a glass substrate was increased 10 times 
over the previous rate by inczeasing the plasma density 
of silicon oxide, the insulator. As the LCD panel 
becomes larger with the accompanying increase in the 
number of picture elements per panel, it has been said 
that electrons need to travel through layers of polycrys- 
talline, instead of amorphous silicon to make the actua- 
tion speed faster. However, the crucial factor for the 
mass-production of the transistors was the quick forma- 
tion of insulation films. Thus, the establishment of the 
new high-speed film-forming technology by Ulvac Corp. 
is expected to spur the production of large LCD panels 
for high-vision TVs. 


The newly developed device was a plasma CVD device 
for TFT (thin film transistor)-type LCD production. 
Plasma was formed from the film-forming material and 
was deposited onto a glass substrate. For this process, 
Ulvac Corp. doubled the previous electrical discharge 
frequency to 217.12 megahertz to energize electrons and, 
in turn, increase the plasma density. 


At a higher density, it usually becomes difficult to 
control plasma. However, Ulvac Corp. rearranged the 
shields, that would function to orient plasma inside the 
film-forming chamber to maximize the yield of film 
synthesis. As a result, silicon oxide was deposited at a 
rate of 0.1 micron/min, 10 times the previous rate, on a 
glass substrate of 400 x 500 mm, larger than the substrate 
currently used for mass production. Thus, the film 
synthesis process was completed in one minute, instead 
of the previous 10 minutes. 


In the past, high-speed film synthesis was successfully 
achieved at a high temperature of 1,000°C. However, 
one can prevent the distortion of glass substrates by 
using the new CVD device to synthesize films at as low 
a temperature as 300°C. Furthermore, films obtained 
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with the new CVD device are of such higher quality that 
the panels reportedly can maintain brightness for a long 
time. 


Ulvac Corp. has already completed the new CVD device, 
“CMD-450Poly,”’ which incorporates the new tech- 
nology; and has begun taking orders. The device has a 
price range from ¥ 250 million to ¥550 million 
depending on the construction of its film-forming 
chamber. Ulvac Corp. plans to deliver five units of this 
device in the first year to LCD makers for their test- 
production lines. 


Today, amorphous silicon films are mainly used for the 
channel layers, the layers travelled by electrons, of the 
LCD thin-film transistors, and they are commonly used 
in notebook computers. However, for large panels, such 
as those of high-vision TVs, which contain many more 
picture elements, it is necessary to replace amorphous 
silicon films with polycrystalline silicon films to accel- 
erate the reaction rate of liquid crystal display by more 
than 100 times. It is crucial for electric machine makers, 
who are trying to commercialize large LCD devices with 
polycrystalline silicon films, to be able to produce gate 
insulation films for the device’s switch component as 
quickly as possible. 


STA’s NIRIM Discovers New Metallic 
Compounds 


95FE0304C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 7 Feb 95 p 5 


[FBIS Translated Text] The National Institute for 
esearch in Inorganic Materials (NIRIM), Science and 
Technology Agency, discovered a new metallic com- 
pound in which the atomic composition varied in a 
periodic, wavy fashion. This compound is said to be 
made of a laminate structure in which straight layers of 
indium and layers containing iron and zinc are alter- 
nately arranged. In the iron-zinc layers, iron-rich sec- 
tions appear in a wavy pattern with a micro-fine, atomic- 
level periodic cycle. Such a structure had never been 
observed among metallic compounds. Today, when one 
molecule or atom needs to be manipulated in search for 
new materials, the discovery by NIRIM could become a 
useful technique in new material development. 


The metallic compound discovered by NIRIM is a 
composite oxide of indium, iron and zinc. The NIRIM 
group synthesized the compound by heating a blend of 
indium, iron and zinc oxides in a ratio of 1:1:26. 


Observing the metallic compound with a high-resolution 
electron microscope, the group discovered that the com- 
pound had a laminate structure in which the indium and 
iron-zinc layers were alternately arranged with an inter- 
laminar distance of approximately four nanometers. The 
group also found that 14 iron-zinc atomic layers were 
sandwiched between two indium layers. In these iron- 
zinc layers, the group saw white wave (sine-curve)-like 
patterns with a periodicity of approximately 8.7 nm. 
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The group used electron beam irradiation to analyze the 
composition of this particular pattern section, and 
learned that more iron molecules were contained in the 
whitish section than in the dark parts, and that the 
composition fluctuated periodically. The group conjec- 
tures that iron and zinc atoms in the layer between the 
indium layers were shifted in a periodic fashion in order 
to minimize the distortion of their crystalline lattices. 


There are two types of modulation structures that are 
characterized by some atoms being out of their normal 
positions in a normal structure: the atomic displacement 
type in which a certain number of atoms are displaced 
from their normal positions; and the composition fluc- 
tuation type in which the atomic composition fluctuates 
in a periodic fashion. Examples of the former type have 
been seen with crystals of bismuth-based superconduc- 
tors. However, the latter type with the sine curve-like 
composition fluctuation has never been observed before. 


Chief Researcher Yoshio Bando, NIRIM, who per- 
formed the electron microscope analysis, says, 
“Although we have not yet found specific applications 
for this material, we plan to investigate its properties as 
thoroughly as possible because a compound with a 
periodic structure is expected to have potentially inter- 
esting properties.” 


Association for the svageens of New Chemistry 
Conducts Study on Technological Development for 
Chemical Industry 


95FE0304D Tokyo KAGAKU KOGYO NIPPO 
in Japanese 7 Feb 95 p I 


[FBIS Translated Text] In dealing with the rapidly 
changing chemical industry worldwide, the Association 
for the Progress of New Chemistry (APNC) began a 
survey focused on technological development to formu- 
late future direction and topics for the Japanese chemical 
industry. This survey is the first in the past six years for 
APNC. During this period, the environment sur- 
rounding the Japanese chemical industry has undergone 
drastic changes with the collapse of the bubble economy, 
the progress of the yen’s appreciation, and the develop- 
ment of the Asian economy. In the new survey, APNC 
will focus its attention on the clarification of the rela- 
tionship between the progress of the chemical industry in 
Asia and R&D activities in Japan, the understanding of 
the globalization trend of R&D, and the upgrading of the 
research infrastructure. APNC will distribute a question- 
naire to approximately 340 companies including users, 
and commission a survey job to each of the Technical 
Information Center, Sumitomo Chemical Co. Ltd., and 
Daiya Research Corp. At the end of April 1995, APNC 
hopes to be able to compile all the survey data into a 
report. 


In 1989, APNC conducted the “survey concerning tech- 
nological development trend in and around the chemical 
industry,” and contributed to the progress of the new 
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chemical industry. Subsequently, the environment sur- 
rounding the chemical industry underwent drastic 
changes. In the fall of 1994, in order to deal with the 
drastic changes, APNC established the “committee for 
survey on the technological development trend,” with 
Department Head Takeshi Tokairin, K&D Management 
Department, Mitsui Toatsu Chemicals, Inc., chosen to 
be the chairperson. 


This time, APNC intends to compile a report consisting 
of the following sections: 


(1) current status of Japan’s chemical industry and R&D; 


(2) current status and future outlook of chemical indus- 
tries and R&D in Europe, the U.S., and Asia; 


(3) outlook of chemical industry in the 21st century; 


(4) outlook of R&D in support of chemical industry in 
the 21st century. 


The report will emphasize particularly on: 


(1) the effects of the chemical industry in Asia, which has 
in the last several years made rapid growth, upon the 
business and R&D strategies of not only Japanese but 
also European and American chemical industries, 


(2) the countermeasures to deal with the advanced Asian 
_ chemical industry. 


The committee is planning to send a questionnaire to 
approximately 200 chemical makers and approximately 
140 users in the textile, electric machinery, automobile, 
and electric power fields. Chemical makers will be asked 
in detail about their business strategies, current R&D 
status and topics, overseas development policies, and 
future outlook, and they will also be asked to express 
their wishes and demands toward national research 
projects and R&D infrastructure upgrading. A separate 
set of questions are being sent to the users who will be 
asked to express their opinions, as outsiders, regarding 
joint development projects with chemical maker(s) and 
the future outlook of the chemical industry. The com- 
missioned survey jobs will concern the changes in the 
chemical industries outside Japan, with an emphasis on 
Asia. 
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Through these surveys and with the publication of a 
report, APNC hopes to be able to clarify the role of the 
Japanese chemical industry from the standpoint of 
R&D; summarize demands for research infrastructure 
upgrading, and submit hopes for research ventures to the 
appropriate government branches, including MITI, the 
Ministry of Education, and the Science and Technology 


Agency. 


Nippon Kayaku Obtains Japan’s First 1S09002 for 
Epoxy Resin Production 


95FE0304E Tokyo KAGAKU KOGYO NIPPO 
in Japanese 7 Feb 95 p 4 


[FBIS Translated Text] On 13 January 1995, Japan 
Chemical Q.A. granted an IS09002 certificate, the 
product quality guarantee specifications set forth by the 
International Standard Organization (ISO), to Nippon 
Kayaku Co., Ltd. (Nippon Kayaku), for its manufacture 
of epoxy resins at the Asa Plant (Sanyo-cho, Asa-gun, 
Yamaguchi Prefecture). The certificate covers Nippon 
Kayaku’s entire line of epoxy resins including semicon- 
ductor sealants. Thus, Nippon Kayaku became the first 
Japanese chemical manufacturer to be so certified. 


Nippon Kayaku has been developing its epoxy resin 
business with an emphasis on special resins including 
semiconductor sealants. Since 1993, Nippon Kayaku has 
been preparing for ISO certification in response to the 
increasing demand worldwide for quality guarantee. In 
particular, the semiconductor sealant resins have been in 
demand all over the world. Today, Nippon Kayaku, 
being the top manufacturer in the world, has been 
strengthening its quality assurance system from raw 
material purchase to manufacture and delivery. 


The 1809002 certification for epoxy resins was not only 
the first in Japan, but also the first for Nippon Kayaku. 
The company plans to aggressively broaden the ISO 
certification coverage to other products made at other 
factories. 
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NEDO To Test Solar Power Generation System. 
in Thailand 


95FE0297A Tokyo DENKI SHIMBUN in Japanese 
15 Feb 95 p3 


[FBIS Translated Text] On 14 February 1995, the New 
Energy Development Organization (NEDO) announced 
that a 40-kW-output “solar power generation system for 
battery charging stations” would be established on the 
island of Yaoyai in Bangah Prefecture, and verification 
tests for the system would begin on 19 February 1995. 


In FY92, this project, which is a part of the Green Aid 
Plan of MITI, was initiated by NEDO in cooperation 
with the Energy Development Promotion Bureau, Min- 
istry of Science, Technology and Environment, Thai- 
land. The objective of the project is to supply electricity 
to those districts in Thailand which have not yet been 
electrified by using a solar power generation system that 
can be operated cleanly with the limitless energy source 
and can be easily maintained. Another goal of this 
project is to improve the performance and reliability of 
the solar power generation system. This particular 
system consists of a 40-kW solar battery, a charge control 
device, a data recorder, and a meteorological observa- 
tion device, and is expected to be able to supply elec- 
tricity to approximately 500 residences. 


Today, residents in the unelectrified areas of Thailand 
charge an automobile battery in the town, and take it 
back home to use it to turn on illumination and a 
television set. However, common battery charging sta- 
tions in these towns use a diesel power generation 
system, which require fuel and constant maintenance 
work. Thus, it is expensive to charge batteries in this 
way, and the systems often are disabled due to break- 
downs. 


In addition, the earth environmental problem has 
become a global issue. Thus, it is extremely significant 
for Japan to transfer the solar energy utilization tech- 
nology to a developing country. 


In FY92, NEDO began this project for the purpose of 
developing a battery charging system with solar power 
generation, and offering the technology to developing 
countries. In FY93, a 4-kW-output prototype system was 
installed in the village of Bon Kao Kan Rien in Kancha- 
naburi Prefecture. The system has since been operating 
smoothly. 
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Kyushu Electric Power Co. Develops 3rd 
Generation SOFC that Doubles Roeer Cutput 


95FE0197A Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 20 Jan 95 p 16 


[FBIS Translated Text] In the course of jointly devel- 
oping a fuel cell, considered the fourth most promising 
power source after nuclear power, with Kyushu Univer- 
sity and TOTO, Kyushu Electric Power Co. (president: 
Mr. Shigeru Ohno) was able to generate power output of 
0.4W per | cm? when testin a third-generation solid 
electrolyte fuel cell (SOFC). This is the highest output 
thus far achieved, doubling those of existing fuel cells. 
The output of 0.9W was reported when oxygen was used 
as an oxidant. When air was used for this purpose, 
however, the highest output density recorded is in the 
range of 0.2 W to 0.3 W. Use of ceramic coating, a 
technology developed by TOTO, enabled Kyushu Elec- 
tric Power Co. to achieve this high-precision fuel cell 
which can be used in actual situations. Together with 
TOTO, the company will test module power generation 
by combining two or three cells. The target date for 
completion of the module test is set for the year 2010. 


The fuel cell, representing a new method of power 
generation, generates direct electric current using reverse 
reaction produced during electrolysis of water. Reactions 
between hydrogen and oxygen gases occur through elec- 
trolyte. The new fuel cell is characterized by high power 
generation efficiency, low vibration and noise levels, and 
minimal environmental impact. For this reason, 

research organizations are rushing practical application 
of this electric power source considered the most effec- 
tive after hydraulic, thermal, and nuclear types of power. 


The fuel cell used this time is the so-called third- 
generation solid electrolytic type which replaced a phos- 
phoric acid and molten carbonate fuel cells. Its operating 
temperature, is 1,000°C. For electrolyte, stabilized zir- 
conia is used. 


In test, the company used the world’s first “drip” 
method by which a cell is immersed in a solvent of raw 
materials when coating of a ceramic cell (length: 130mm; 
outer diameter: 15mm) takes place. Chemical reactions 
in the cell occur between a 30-micron thick electrolyte 
and electrodes. As a result, the company was able to raise 
the cell’s power-generating capability to achieve an 
output of 0.4W per | cm? current density by sending air 
to oxidant. 


Until now a “dry method” designed to spray a solvent 
over a cell had been the “mainstream.” By establishing 
the “drip method,” Kyushu Electric Power Co. was able 
to halve the manufacturing cost, thereby paving the way 
for practical use of the new fuel cell. The company began 
joint development of SOFC in 1991. Its future plan 
includes the development of a long fuel cell and its 
module testing. 
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NTT Doubles Distortion Quantum Well Laser 
Oscillation Efficiency 


95FE0360A Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 17 Mar 95 p 5 


[FBIS Translated Text] 


NTT Prototypes, Innovative Material Composition 


Nippon Telegraph and Telephone Corporation (NTT) 
succeeded in doubling the oscillation efficiency of “dis- 
tortion quantum well laser” which is considered to be a 
leading candidate for the optical communication device 
in the coming multimedia age. The deterioration of the 
light generating efficiency was prevented by a clever 
combination of materials. While it has an advantage of a 
small power consumption rate, the inherent problem 
with distortion quantum well laser has been its low 
efficiency at higher temperatures. Encouraged with this 
success, NTT avows that it intends to continue its effort 
in improving it further to achieve a better laser with a 
smaller power consumption rate and a smaller tempera- 
ture sensitivity. 


Distortion quantum well laser is a device constituted 
with multiple layers of compound semiconductors, each 
of which is comprising a different mixture rate of ele- 
ments such as indium, arsenic, and phosphorus. It con- 
fines positive holes having positive charges and electrons 
with negative charges in a narrow region called a “quan- 
tum well” to combine them efficiently to generate a light. 


The research group of NTT Electronics Research Labo- 
ratory found through numerical analysis, etc., that a 
change occurs to the distribution pattern of positive 
holes and electrons due to a electrostatic force when an 
electric current is applied to said laser. This change in 
the distribution pattern causes a wasteful leak of positive 
holes and electrons from the quantum well. It is said that 
the higher the temperature, the greater the change. 


Therefore, with a small trick to the composition of the 
constituting elements used in the materials, they suc- 
ceeded in designing a laser that doesn’t leak very much. 
The size of the laser they developed is 0.3mm in width. 
The device contains 10 minute quantum well structures 
each of which is 6 nanometer (one nanometer is one 
billionth of a meter). The wavelength of the light to be 
generated is 1.3 micrometer (one micrometer is one 
millionth of a meter). 


The prototype laser was able to produce 15 milliwatts of 
light as an output from 50 mA current at 90° C. The 
amounts to about 1.5-2.0 times of the previously avail- 
able efficiency. The research group believes the electric 
power consumption can be further decreased by 
improving the material combination ratio. 


The fact that the distribution of positive holes and 
electrons changes is the new finding. No designs in the 
past had any considerations to that fact either. 
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The distortion quantum well laser with an oscillation 
wavelength of 1.3 micrometers is considered a promising 
candidate of the light source to be used at homes in 
multimedia communications. Since it is assumed that a 
strict control of temperatures at home is difficult, man- 
ufacturers are trying to develop lasers that can function 
efficiently under a wide range of temperatures. 


Tokyo Institute of Technology Develops Prototype 
Semiconductor Laser 


95FE0360B Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 15 Mar 95 p § 


[FBIS Translated Text} 


Prototype Using Multiple Mirrors 


Professor Shigehisa Arai’s research group at the Tokyo 
Institute of Technology developed a prototype of a new 
kind of semiconductor laser using a microscopic reso- 
nator consisting of multiple mirrors. Since it generates 
light efficiently by resonance using multiple mirrors, it is 
capable of generating a laser light from a minute electric 
current. Although it is still in a stage where a large 
electric current is used to confirm its performance, they 
believe that a minor improvement will be able to reduce 
the electric current required for the excitation to about 
1/6-1/7 of the electric current previously required. It is 
expected that it can be used in the future as a light source 
for connecting large computers with optical signals. 


The prototype semiconductor laser has a quantum well 
structure consisting of five layers comprising gallium, 
indium, arsenic, and phosphorus mounted on an 
indium-phosphorus substrate. It has a total width of 64 
microns (one micron is one thousandth of a millimeter), 
— is about a half of the conventional semiconductor 
aser. 


Professor Arai dug 12 grooves with a width of 1.3 
microns and a depth of 2.5 microns by a chemical 
process using electronic beams and hydrochloric acid, 
and filled them with polyimide resin. As polyimide has 
an optical refraction factor smaller than that of the 
semiconductor, the walls of these grooves function as 
mirrors. Consequently, a tiny device is equipped with 
multiple tinier resonators. 


The use of these multiple mirrors reflects and amplifies 
the light generated by the active layer (the layer thar 
generates a light) more effectively. Although the min- 
imum electric current required to oscillate on the proto- 
type laser was 30 milliamperes, they believe it can be 
reduced to 60 microamperes through improvements 
such as reducing the groove width to make the resonator 
even smaller and making the electrodes thin line-like 
structures. The wavelength of the laser light is 1.5 
microns. 


It is also possible to generate a light perpendicular to the 
substrate or generate parallel laser lights by modifying 
the structure of built-in mirrors. The research group 
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believes that it can be used to exchange optical signals 
between large computers or optical fiber communica- 
tions. 


It has hitherto been considered a standard to apply an 
electric current required for oscillation of a semicon- 
ductor laser to make resonators smaller and attach high 
performance miitors. However, since making a reso- 
nator too small makes the attenuation of light inevitable, 
a resonator size of 100 microns and a current of 0.4 
milliamperes have been considered the absolute min- 
imum. 


Tohoku U. Succeeds in World’s First Green Color 
Oscillation for Fluoride Single Crystal Thin Film 


95FE0360C Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 13 Mar 95 p 2 


[FBIS Translated Text} 


Route to High Performance Optical System 


Professor Tsugumasa Fukuda, Professor Takabumi Yao, 
et al, succeeded in the world’s first green color oscillation 
with a wavelength of 0.05 microns by producing a single 
crystal thin film of calcium fluoride added with erbium 
of a good quality by the molecular beam epitaxy (MBE) 
method, and irradiating it with a 0.84 micron semicon- 
ductor laser. Calcium fluoride added with erbium is a 
thin film solid body laser that is capable of converting 
wavelengths for a wide range from infrared to blue color 
using semiconductor laser as an excitation light. If this 
method can be established as a practical means, it will 
enable us to create a high performance optical informa- 
tion processing system by accumulating multiple lasers 
with different wavelengths on a common substrate. 


The Tohoku University’s group also succeeded in 
causing the growth of single crystal thin films of erbium 
fluoride which enables a further improvement of the 
wavelength conversion efficiency. These thin film mate- 
rials were made to grow on calcium fluoride substrates 
through optimization of the growth conditions using 
MBE. The group also found a means to cause heteroge- 
nous growth of these materials which may pave the way 
to new kinds of optical devices. 


These fluoride laser thin films have much wider trans- 
mittable wavelength ranges and longer light emitting 
lives than oxide laser crystals such as YAG, as well as a 
wavelength conversion capability to emit a laser output 
with a wavelength shorter than the input light, so that 
they are considered to have a high potential as future 
high performance optical crystals. Although calcium 
fluoride added with erbium had been observed to oscil- 
late in the infrared band, it was the first time that it was 
made to oscillate in the green color short wavelength 
band. 


Although calcium fluoride which was used as the sub- 
strate this time is an insulator, they can also be grown on 
any types of substrates as laminar crystals, so that they 
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may lead to the development of an optical system with a 
high variety. They can be used not only to integrate 
electronic devices with optical devices, but also to inte- 
grate optical devices of a high variety on a single sub- 
strate to construct a new type of optical function system. 


Showa Optronics Develops New Mirror for 
Variable Wavelength Laser 


95FE0360D Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 7 Mar 95 p 5 


[FBIS Translated Text] Showa Optronics developed a 
new mirror for titanium laser, a promising laser with a 
variable wavelength capability. A mirror is an indispens- 
able element of a laser that causes a resonance of the light 
that is generated by the laser to intensify it. What is 
makes this mirror unique is that it was designed to be 
able to reflect the light with a broad range of wavelength 
generated by said laser, thanks to its innovative struc- 
ture. While a conventional mirror is cable of reflecting 
lights of a narrow wavelength range, which has been a 
major limitation, the new mirror makes said laser useful 
for a broad range of applications from medical to engi- 
neering fields. 


Titanium sapphire laser is a kind of wavelength variable 
laser and is capable of changing the wavelength of 
oscillating light that is being oscillated in the range of 
700- 1,100 nanometers (one nanometer is one billionth of 
a meter). However, the mirror used in the laser used to 
be able to reflect only the limited range of wavelength, so 
that it was necessary to replace the mirror each time a 
light with a different wavelength had to be taken out. 


On the contrary, the newly developed mirror can reflect 
the light of any wavelength within the range of wave- 
length that the laser can generate. It consists of 100 layers 
of thin films made of tantalum oxide and silicon oxide. 
Although the thickness of each layer is approximately 0.2 
microns (one micron is a thousandth of a millimeter), the 
thickness of the layer is made thinner as it approaches 
the surface in order to prevent the light from causing 
unnecessary interferences. 


Osaka U. Develops High Wavelength Conversion 
Efficiency Crystal 

95FE0360E Tokyo NIHON KEIZAI SHIMBUN 

in Japanese 6 Mar 95 p 17 


[FBIS Translated Text] 


Red Color to Ultraviolet Light 


Professor Takatomo Sasaki’s research group of Osaka 
University developed a wavelength conversion crystal of 
a new kind that can convert a red color laser into an 
ultraviolet light with a high efficiency. In addition to the 
fact that it has a high conversion efficiency, it is easier to 
manufacture and lends itself to mass production as well. 
The group succeeded to produce a crystal with a diam- 
eter of 14 centimeters. Ultraviolet laser is useful in a 
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wide range of applications including the manufacture of 
semiconductor LSI (large scale integrated circuit) and 
micro-machining to manufacture micro-machines, as 
well as the development of new materials. The invention 
is likely to cause the realization of compact and handy 
ultraviolet laser devices. 


Applicable to Semiconductor Machining 


The newly developed crystal is cesium lithium boron 
oxide (CLBO). It is a transparent crystal and converts the 
output wavelength of the light being transmitted to 2 * alf 
of the input wavelength. The research group conducted 
an experiment of converting a red color light generated 
by the neodymium YAG laser into an ultraviolet light. 


The group succeeded in converting a red color light with 
a wavelength of 1,064 nanometers (one nanometer is one 
billionth of a meter) into an ultraviolet light with a 
wavelength of 266 nanometers, or one quarter of the 
original wavelength, as it goes through two CLBO crys- 
tals stacked together. The group also was able to generate 
a light with one-fifth of the original wavelength, i.e., 213 
nanometers. 


Barium boron oxides (BBO) and lithium boron oxides 
(LBO) have been known as wavelength conversion crys- 
tals that are capable to convert visible lights into ultra- 
violet lights. However, BBO is quite sensitive to the 
crystal temperature and also to the incident angle of the 
incoming light, and the conversion efficiency drops 
dramatically with a slightest change of those factors. 
LBO has a limitation to the conversion to short wave- 
length lights. On the contrary, the new LBO is said to be 
easier to handle than BBO in terms of the temperature 
stability and the incident angle tolerance, and is gener- 
ally superior in terms of the overall conversion effi- 
ciency. 


It is also possible to obtain a large crystal by providing a 
crucible containing molten materials with a seed crystal, 
so that it is suitable for mass production as well. 


Since the laser lights in the ultraviolet region have 
shorter wavelengths and high energy levels, the range of 
applications is increasing, including ultra-fine 
machining and surface modifications of various mate- 
rials. 


However, the most popular ultraviolet laser, excimer 
laser, uses special gases as the laser source, so that its 
handling is difficult and its life is short. If a high 
efficiency wavelength conversion crystal can be mass 
produced, it may be able to develop a handy “all solid 
body” ultraviolet laser by combining it with YAG laser 
which is easy to handle. 


[Box] “Wavelength conversion crystal” is a crystal that is 
capable of reducing the wavelength of a light into a half 
of its original wavelength. It is also called a non-linear 
type optical device. When a string of a guitar is picked, it 
generates not only a sound of its basic frequency but also 
sounds with frequencies two or three times of the basic 
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frequencies (wavelengths are half or a third). Similar 
phenomenon occurs when a crystal is irradiated with a 
laser beam, generating lights with two or three times of 
the original frequency. The wavelength conversion 
device is capable of emitting only the light with a 
frequency of twice the original frequency (or half the 
original wavelength). 


Generally speaking, a light with blue color than red, or 
ultraviolet than blue, i.e., a light with a shorter wave- 
length, is more suitable for fine machining. Such a light 
also has a higher energy level, so that it is suitable to 
convert the surface nature of a substance. However, it is 
technically difficult to create a high power, short wave- 
length laser. The wavelength conversion has been known 
as a convenient technique to convert a longer wavelength 
laser to a shorter wavelength laser. Universities and 
major industrial companies have been competing to 
develop wavelength conversion materials. 


Tokyo Institute of Technology Develops 
Semiconductor Plane Emitting Laser 


95FE0360F Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 3 Mar 95 p 5 


[FBIS Translated Text] 


Light and Current Leakage Control 


Professor Kenichi Iga and Assistant Professor Fumio 
Koyama’s group of the Tokyo Institute of Technology 
developed a plane emitting laser that can oscillate with a 
current less than one hundredth of the current required 
by any other semiconductors used today. Thanks to its 
innovative structure in the area where the light is reso- 
nated, they succeeded in containing light and current in 
a small cylindrical space with a diameter of 5 microns 
(one micron is one thousandth of a millimeter). As the 
wasteful leakage of light and current is minimized, the 
current required for oscillation is only 70 microamperes 
(one microampere is one millionth of an ampere) which 
is the world’s smallest. It may become one day a key to 
the realization of an optical computer which will operate 
with an ultra-high speed and a tiny power consumption. 


What was developed this time is a kind of plane emitting 
laser that emits light in a direction perpendicular to the 
substrate. The light emitting layer, which converts elec- 
tric current into light is made of indium, gallium and 
arsenic, is sandwiched by multiple layers of aluminum- 
arsenic layers and gallium-arsenic, which are arranged 
reciprocally many times over, forming multiple reflec- 
tive films, thus constituting a resonator as a whole. 
Although similar semiconductor layers have been tried, 
Professor Iga’s group oxidized the aluminum portion 
from the outside by exposing the periphery of the reso- 
nator to hot water steam. 


Compared to the core portion, which is not oxidized, the 
aluminum oxide thus created has a smaller light refrac- 
tion factor. Therefore, the light generated in the light 
emitiing layer is contained in a small cylindrical space 
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with a demeter of 5 microns located in the center of the 
resonator whose diameter is 20 microns. Since alu- 
minum oxide is insulating by its nature, the aluminum 
oxide thus created prevents current from leaking to the 
outside. By containing light and current simultaneously 
in the small space, an effective oscillation became pos- 
sible. 


The wavelength of the light generated by this device was 
0.98 microns and the output power is 10-100 micro- 
watts. It is claimed that the device can be used as a light 
source for a computer which conducts arithmetic oper- 
ations on light signals instead of electrical signals, when 
the device is further improved of its power output, etc. 


JPRS-JST-95-029 
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Professor Iga believes that, “by improving the aluminum 
oxidation condition to make the light containment 
region even smaller, the current can be reduced to ‘0 
microamperes,” and he plans to seek further improve- 
ments of the device. 


Since multiple plane emitting lasers can be integrated on 
a single chip, it is believed that a tiny chip will be able to 
handle a large amount of optical signals. One of the 
problems that has to be solved in order to achieve that 
goal is the reduction of the power consumption, so that 
universities and semiconductor manufacturers world- 
wide are trying to solve the same problem. 
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Conference Report on AM-LCD’94 International 
Workshop 

95FE0396A Tokyo SEMICONDUCTOR WORLD 

in Japanese Mar 95 pp 30-32 


{Article by Nobutake Konishi, Hitachi, Ltd., Hitachi 
Research Institute] 


[FBIS Translated Text] 

Foreword 

The First International Workshop on Active-Matrix Liq- 
uid-Crystal Displays (AM-LCD’94) was held from 30 
November to 1 December at the Kogakuin University, in 
Shinjuku, Tokyo. This conference was divided into oral 
presentations and poster sessions, but it was possible to 
hear all the details since they were not held at the same 
time and the overall, active matrix (AM) related tech- 


nology was included. There were 200 participants 
including foreigners. 


This report centers on the four presentations related to 
application of large screen and high resolution tech- 
nology which are the next issues to be handled with 
AM-LCD using amorphous silicon (a-Si) in which 
remarkable progress has been seen. Table | shows the 
titles of the presentations and the organizations making 
the presentations. 





Table 1. Presentations Introduced in this Report 
































Organization Title of Lecture 

Tohoku University Advanced TFT Processing Based 
on Ultraclean Processing Con- 
cept 

IBM Japan Low Resistance Gate-Line for 
High-Resolution TFT/LCD Dis- 
play 

Matsushita Electric Industrial High Performance Al-Zr Alloy 
for Gate Lines of TFT/LCDs 

Tokyo University of Agriculture Amorphous and Super-Multi- 

and Technology domain AM-LCDs exhibiting 
Uniform and Wide Viewing 
Angle Characteristics and Exc’ '- 
lent Gray Scale Capability 

Toshiba poly-Si TFT LCD for High Defi- 
nition TV Projector 

NEC Dynamic Leakage Current 
Reduction Poly-Si TFTs for 
AMLCDs 

Cambridge University Transient Simulation of Active 
Gate Polysilicon Thin Film Tran- 

: 
Contents of Presentations 


Next, the contents of each presentation will be intro- 
duced. The Tohoku University presentation introduced 
the technology to improve capacity and throughput and 
to realize thin films and low temperatures in the TFT 
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process by emyloying ultraclean technology. The device 
is premised on an a-Si TFT with a reverse stagger 
structure. 


The main point was the introduction of two cycle excited 
plasma equipment to the main processes such as sput- 
tering or CVD and clean technology cultivated from 
ULSI. The former makes possible low temperature a-Si, 
film growth at the same temperature, and gate insulating 
film (SiN) which becomes a bottleneck of the throughput 
of the TFT process and moreover, improves the dielec- 
tric breakdown voltage in the case of making thin films 
by raising the clean index. Meanwhile, the latter shows 
the possibility of improving TFT mobility. 


Ultraclean technology constructs processes based on the 
clean index. The clean index is found by (atmosphere 
and substrate cleanliness/thin film growth speed) x (ion 
irradiation density/ion energy)/(form of substrate sur- 
face irregularities). A high index determined by these 
findings is defined as a high clean index. Consequently, 
this has many ramifications over cleanliness of the 
source gas and chamber material selection, surface 
washing technology, and clean room design in the pro- 
cess. The technology forming the basis of ion irradiation 
quantity is sputtering and CVD using two cycle excited 
plasma technology. In the concrete data, by raising the 
clean index, SiN formed at 330°C as usual and a-Si 
formed at 250°C were continuously formed at 250°C and 
an improvement in mobility and dielectric breakdown 
voltage was attained. Unfortunately, the details of the 
clean index were not shown and we are waiting upon a 
future laid open patent report. 


The objective of the two cycle excited plasma technology 
is to reduce the heat energy of the plasma process; it is 
substituted for low energy ion irradiation to the substrate 
surface and the point of its realization is to control ion 
density and energy precisely. The equipment is a system 
where the first frequency RF power is impressed to the 
upper section electrode, the second frequency RF power 
is impressed to the lower section electrode, and these are 
independently controlled. Add. ionally, a shield elec- 
trode to avoid metal contamination and an in-situ mon- 
itoring mechanism are installed on the side walls and 
each type of frequency makes possible the necessary thin 
film formation. 


The presentation of IBM Japan introduced the process 
technology to coat the Al with a high melting point 
metal, in the case of using Al for the gate wiring of the 
reverse stagger structure TFT, in order to suppress the 
flocculation of the Al generated in the CVD process of 
the gate insulating film. 


The process is as follows: Mo is continuously formed on 
the Al, this is etched in a mixed solution of phosphoric 
acid, nitric acid, acetic acid, and water through a photo 
process, and the Mo-Ta alloy is formed in a film and 
formed through repeating the photo process to coat the 
upper section with the above Al/Mo. The point is using 
a dip system, and not using a spray, in the Mo/Al etching 
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and optimizing the mixing ratio of the solution. The 
former has the effect of preventing an overhang of Mo on 
the Al and the latter has the effect of setting the Al taper 
angle to the optimum value of 20°. 


With this structure, the production of blisters (protru- 
sions in the form of air bubbles when the moisture in the 
sputter SiOx, formed on the glass substrate in order to 
alleviate irregularities, expands greatly in the CVD pro- 
cess of the gate insulating film) generated during CVD 
formation can be made low compared to the gate struc- 
ture simply formed of Mo-Ta film on the Al. The effect 
of lowering resistance with this structure was not made 
clear in this conference, but according to the IDRC’94 
held in the United States, the resistance of each went 
from 8 kQ to 3 to 4 kQ. With this, the LCD of the 12 
model XGA and the 16 model SXGA is made using the 
low resistance gate wiring. Moreover, the Al material was 
not made clear, but is thought to be the Al-Si system with 
comparatively low resistance. 


The presentation of Matsushita Electric Industrial intro- 
duced the low resistance Al alloy appropriate for pro- 
cesses including the anode oxidation process for forming 
the anode oxidation film on the Al film itself and floc 
generation which is a problem in the case of using Al in 
the reverse stagger structure TFT gate wiring. 


Film growth is from putting the Zr tip on the Al target 
and adjusting the Zr concentration with the surface area 
of the tip. The point was the discovery of the optimum 
value of floc density to lower the resistance which 
increases when Zr concentration is increased. The 
optimum values for resistance 5 pQ/cm and for floc 
density 2 x 10mm” in the 1% Zr alloy were determined. 
Also, it is characterized by the anode oxidation film 
(AlOx) formed to a thickness of 200 nm on this alloy 
having a high dielectric breakdown voltage of 140V and 
the film pinholes occurring in Al to which Zr is not 
added not being observed. It was not made clear at this 
conference, but this presentation was also made at the 
IDRC’94 and there, the effect of the Al-Zr alloy sup- 
pressing the battery reaction corrosion with ITO in the 
posi-resist developing solution used in photo processing 
and the technology where the 56% high numerical aper- 
ture is attained in the 10 model SVGA panel were 
introduced. 


The presentation of the Tokyo University of Agriculture 
and Technology introduced the technology to attain 
broad viewing angle processes and a low increase in the 
number of processes in the case of using TN liquid 


crystal. 


The Tokyo University of Agriculture and Technology is 
dealing with so-called amorphous orientation TN liquid 
crystal technology (TN liquid crystal mixed with much 
chiral material is heated, slowly cooled, and given a 
random orientation, and a broad viewing angle is 
achieved), also in this presentation. In this process, the 
technology to attain a broad viewing angle rivaling this 
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even with the prior TN liquid crystal was first discov- 
ered. The point is dividing the orientation in four or 
more domains with the pixel divided by diagonal lines 
(super multi-domain) and adjusting the orientation by 
irradiating the respective subdomain with ultraviolet 
light. With this, the viewing angle was greatly improved 
beyond the prior multi-domain technology with the pixel 
divided in two, up and down. According to this system, 
it is also possible that the shade layers of the layered 
sections between domains which become a problem with 
the reduction of numerical aperture may become unnec- 
essary along with the process being simplified and made 
clean by not using the resist process, as compared to 
multi-domain technology (rubbing is performed once, 
half the pixel is stored in the photoresist, and rubbing 
performed again for the remaining half). 


The presentation by Toshiba concerned the 3.3 model 
poly-Si TFT-LCD for projector TVs containing a driving 
circuit with 1.9 million pixels. 


The LCD developed can correspond to the high vision 
type TV image and the SVGA type personal computer 
image and is expected to have applications in multi- 
media. After the surface of the poly-Si film which 
becomes the TFT active layer is thermally oxidized once, 
the thermally oxidized film is removed, and it is made a 
thin film and interfacial level is reduced. TFT mobility is 
160 cm?/V x s by nMOS and 110 cm?/V x s by pMOS. 
Gate wiring uses W polyside and is made low resistance. 
W polyside is formed by 900°C annealing after lamina- 
tion of poly-Si and WSi. The lower poly-Si also serves as 
the WSi stress relief layer and a low resistance material 
with the resistance of a sheet without cracks being 10 
{2/[box] due to the poly-Si layer having a thickness of 250 
nm or more and the SSi layer having a thickness of 150 
to 200 nm is attained. 


The data driver employs a structure with sample holding 
of eight video signals with a 9 bit decoder and analog 
switch. With this, the decoder driving speed during 
HDTV display is 4.46 MHz. This is within the range of 
the frequency zone 15 MHz of the trially produced 
circuit. The driver on the scan side also uses the decoder 
system and not a shift register system. Therefore, the 
order and position of wires for addressing can be arbi- 
trarily selected. This can respond without raising the 
driving frequency even for different display zones like 
high vision and VGA. It is also equipped with an 
interlace system and a lateral switching function; it is 
said to be put together as a development at a high level of 
completion. 


The presentation by NEC proposed a new device struc- 
ture with developed dual gate TFT as a measure to 
reduce off current. | 


This device structure has retention volume formed at the 

connection point in a dual gate TFT where two TFT 

sources (drains) are connected. With this, the TFT 

source/drain voltage can be made lower than for the 

— gate TFT and the off current can be greatly 
uced. 
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The presentation by Cambridge University proposed a 
device structure with improved gate electrode offset as 
the measure for reducing off current. 


This device structure is characterized by the gate elec- 
trode end section being the p*/p junction. When the gate 
potential is negative, this end section has a reverse bias 
and stops functioning as a gate electrode. In other words, 
the gate electrode becomes effectively short and the 
offset becomes long only in the off state; with this, the off 
current can be reduced without lowering the on current. 
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Otherwise, as the main presentations concerning low 
temperature poly-Si, there were also the technologies for 
low temperature (315°C) Si02 formation by plasma 
CVD using TEOS, low resistance (80 Q/[box], d=50 nm) 
poly-Si film formation due to ion doping and excimer 
laser activation, and impurity activation which does not 
require annealing due to substrate heating and ion 
doping. 

Moreover, the 1995 AM-LCD is scheduled to be held at 
the Osaka International Exchange center in Osaka for 
two days from 24-25 August. 
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Oarai Nuclear Power Technology Development 
Center 

95FE0365A Tokyo KAGAKU KOGYO NIPPO 

in Japanese 6 Feb 95 p 10 


[FBIS Translated Text] It was 20 years ago when JGC 
Corporation first entered the nuclear power plant con- 
struction field. Since then the company has established a 
record of solid performance in the areas of design and 
construction of nuclear power plants. The company was 
responsible for the construction of Japan’s first spent 
nuclear fuel reprocessing plants and radioactive waste 
processing facilities. Playing a pivotal role in JGC Cor- 
poration’s R&D efforts is Oarai Nuclear Power Tech- 
nology Development Center, located at Oaraimachi, 
Ibaraki Prefecture. Traveling down on National Freeway 
No. 51, it took us about 15 minutes by car from 
JR(Japan Railway) Oarai Station to the center situated 
near the seashore of Oarai. Together with JAERI’s Oarai 
Research Laboratory, the Power Xeactor and Nuclear 
Fuel Development Corporation (PNC)’s Oarai Engi- 
neering Center, and Japan Fuel Development Center, 
the Oarai Nuclear Power Technology Development 
Center forms Japan’s foremost nuclear power develop- 
ment complex. The center, constructed in 1984, had its 
tenth anniversary in October of last year. 


The center consists of an administration building 
(1,600m7), a cold test building (2,300m7), an RI(radio- 
isotopes) usage test building (2,700m7’), an energy 
building, a warehouse, and an engineering workshop. 
The size of a lot is 42,000m?. 


The cold test building consists of an experiment and 
analysis laboratory, a pilot test room, and a pilot-plant 
control room. In this building, following the completion 
of basic tests using small equipmeiit, will be conducted 
in a pilot plant environment. 


The pilot test room is equipped with: 


(1) a facility designed to process boric acid liquid waste 
and burnt ashes by solidifying them with cement, 


(2) a cement fill solidifying device to deal with pipes and 
valve concrete discarded at the time nuclear power 
stations and nuclear fuel reprocessing plants are repaired 
or dismantled, and 


(3) equipment designed to recover nitric acid used 
during reprocessing of nuclear fuel. Since these pro- 
cessing devices handle radioactive waste, it must be 
made doubly sure that the equipment design will ensure 
safety. 


For this reason, the test equipment is built in the same 
size as a real machine. 


Moreover, even when the actual equipment already has 
been developed and delivered, instead of dismantling it 
immediately, the center will continue using the test 
equipment for a while to accumulate test data. In order 
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to deal with even the slightest difference in the charac- 
teristics of nuclear waste, change, however minute, must 
be made in equipment design. Since it is not feasible to 
use radioactive substances in the cold test room, simu- 
lated waste is used in testing. 


The RI building consists of a radioisotope experiment 
and analysis room, pilot plant test room, pilot plant 
control room, and ancillary rooms such as an RI storage 
facility and waste storage room. The radioactive sub- 
stances received from Japan Radioisotope Association 
are all collected in RI storage facility before being sent 
out to each analysis room concerned. Data on all RI’s, 
viz., the category and amount of each radioactive sub- 
stance to be used, date and time of use, the purpose for 
which it was used, are managed by a computer. 


In the pilot plant test room, we saw the low-level 
radioactive substance [takeout] inspection facility in 
operation. This is a facility designed to verify with an 
automatic system that each group of waste material meet 
the requirement set for underground storage. Cement- 
solidified real radioactive waste was packed in a 200/ 
yellow drum can, and data concerning its appearance, 
the measured surface dose ratic data, radioactivity level 
of the waste, and identification of nuclide contained in 
the waste were being collected. 


Since radioactive substances are actually handled in the 
RI building, the building’s security measures are 
extremely tight. Workers who wear a protective garment 
are admitted into the building with an ID card. Before 
they start their work, each operator has a small radioac- 
tive sensor attached to his chest. Before they are allowed 
to leave the building, their clothing, documents, note- 
books, and pens are thoroughly checked for any trace of 
radioactivity. 

At the center, collection of data on security control of 
radiation, analysis, and a control panel of the radiation 
source to which workers are exposed are linked to the 
computer and monitored by the automated system. This 
system is installed in the monitor room of the RI 
building. 


Radioactive waste liquid produced by the use of RI, 
moreover, is poured through hollow fiber membranes 
and distilled and condensed so that it will be completely 
contained within the building. 


Shipment of High Level Radioactive Waste 


95FE0365B Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 6 Mar 95 p 3 


[FBIS Translated Text] France’s General Nuclear Materials 
Company (COGEMA), a company which has been put in 
charge of reprocessing of spent nuclear fuel by Tokyo 
Electric Power, Kansai Electric Power, Shikoku Electric 
Power, and Kyushu Electric Power, has begun shipping back 
the nuclear trash, “high level radioactive waste” produced 
during the reprocessing, to Japan. The return shipment 
represents the first of nuclear “‘trash,”’ a waste 
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product of reprocessed spent nuclear fuel, vitrified into 
28 bars, each measuring 43cm in diameter and 1.34m in 
height. This is equivalent to the amount of waste pro- 
duced by a year’s reprocessing of nuclear fuel at a 
one-million-kW capacity nuclear power station. For the 
next 12 or 13 years, Japan will be receiving the nuclear 
waste shipment at the rate of once or twice a year from 
France and England. The total amount of shipments will 
be about 3,300 bars of vitrified nuclear waste. Unfortu- 
nately, a method of controlling nuclear trash and a place 
of storage on a permanent basis have yet to be worked 
out. Transporting this “nuclear trash,” which can be 
regarded as the price which Japan must pay for its 
economic prosperity, as in the case of shipment of 
plutonium, will not be easy as the countries which are 
concerned about Japan’s nuclear power development, 
are voicing their opposition, that they will not let ship 
pass through their territorial waters. 


Inadequacy Disclosed 


If we are to look at the shipment of nuclear trash alone, 
we realize that Japan’s nuclear power development for 
the sole purpose of pursuing peaceful development and 
enterprises has yet to obtain the consensus from the 
international community. It furthermore reveals once 
again the probiems associated with the incomplete 
nuclear fuel cycle. 


Japan is pursuing nuclear power development, which in 
no way is linked to nuclear arms buildup, emphasizing 
the importance of transparency and safety of its under- 
taking. In 1994, the Japanese Government published in 
detail the amount of plutonium under its custody. 
Japan’s appeal to the international community for its 
understanding of the country’s energy situation—that it 
gave no alternative but to go for nuclear power develop- 
ment involving use of plutonium and that its effort for 
making the amount of plutonium held by Japan public 
ahead of any other countries, did little to dispel the 
international community's suspicion. 


Moreover, at the very root of Japan’s credibility problem 
is the inadequacy of its information system which failed 
to make informati railable to the public. A properly 
functioning syste id have laid the foundation for 
international trusi 4 consensus, which are crucial if 
Japan’s nuclear power development is to succeed. Orig- 
inally, the Japanese Government intended to make all 
information concerning the transportation of radioac- 
tive waste available to the public. However, the govern- 
ment found itself involved in the matter which was 
arranged by the private sector. Although the government 
also worked on France and England which actually 
transported high-level radioactive substances, the efforts 
failed even before it had a chance to show the concrete 
measure it had worked out to deal with the situation. 


Concerning the information on shipment, it is a 
common knowledge that ship’s route cannot be pub- 
lished for security reason, just as the route of any ship 
transporting cash would never be made public. Although 
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the transportation of radioactive substances is not 
exactly the same as transporting cash, if the government 
was going to be involved, then it should have provided 
security guards so as to create an environment facili- 
tating the public announcement of ship’s route. The 
reactions of the international community once again 
made us realize that, in order for Japan to gain the trust 
and consensus of the international community, it should 
have come up with more appropriate level of efforts and 
means. 


Nuclear Waste Disposal Site Yet To Be Determined 


The fact that the final site of nuclear waste disposal has 
yet to be determined is the foremost reason why the 
government is unable to dispel the anxiety its nuclear 
power development is creating among the public. The 
waste will be stored for a period of 30 to 50 years at a 
temporary storage facility located at Japan Nuclear Fuel, 
Ltd.,(president: Mr. Kiyoshi Nozawa) in Rokkasho Vil- 
lage, Aomori Prefecture. Beyond that, and concerning 
the final disposal site, no solution has yet to be offered. 
As a matter of fact, the government currently has no 
prospect of a site which may accept radioactive waste on 
a permanent basis. 


Reprocessing of spent fuel which generates nuclear waste 
is a method which Japan, a country with scarce 
resources, has selected so that use of nuclear fuel may be 
maximized. However, this particular brand of nuclear 
waste is a troublesome substance characterized by high- 
level radioactivity and containing isotopes which will 
take anywhere from a few thousands to a few hundred 
thousands years to reach half life. The technology cur- 
rently used is designed to vitrify radioactive substances 
to prevent the hazards of radiation effects and to provide 
safe management of radioactive substances. However, 
because guaranteeing radioactive substances manage- 
ment for a period of over a few hundred thousand years 
is an enormous responsibility, combined with possible 
radiation leak which must be dealt with, no organization 
is willing to come up with the final disposal site. 


Concerning this problem of final disposal site, the Power 
Reactor and Nuclear Fuel Development Corporation 
(PNC) (Managing Director: Mr. Hiroshi Oishi) currently 
in the midst of developing the required technology, is 
planning to construct an experimental facility in 
Moronobemachi, Hokkaido. However, in spite of the 
company’s promise that it will not make the facility 
compound the final disposal site, the Hokkaido 
Assembly adopted a “resolution opposing the installa- 
tion of a high level radioactive waste facility.” The towns 
and villages adjacent to Moronobemachi, viz., Toyot- 
omi, Nakatonbetsu, Nakagawa, and Hamatonbetsu, also 
a against the installation, making things difficult for 


Uncertainty 


In undertaking nuclear power development, it is only 
proper that a company will stay with the entire fuel cycle 
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through the final stage of nuclear waste disposal. Even if 
we are to overlook the fact that Japan had to depend on 
overseas companies for reprocessing, Japan’s measure 
for dealing with an incomplete fuel cycle, including the 
lack of effectiveness in dealing with the problem of 
nuclear waste, is likely to cause a sense of uncertainty not 
only with Japanese but with those from abroad as well. 


The high level radioactive waste, which is vitrified 
because no useful substance can be recovered from it, in 
a final sense, is a bill which Japan must pay for its 
prosperity. In order to further pursue nuclear power 
development, it is essential that Japan, which prides 
itself on being the foremost country in the world in 
peaceful use of nuclear power, make effort to remove 
steadily the anxiety and problems which had surfaced 
when the world was told that high level radioactive waste 
would be transported over its territorial waters. 


Interview with Shipment Headquarters Director 
for High Level Waste Shipment 


95FE0365C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 7 Mar 95 p 5 


{[FBIS Translated Text] Shipment via sea of high level 
radioactive waste, produced during reprocessing of spent 
nuclear fuel, to Japan has begun. The transport which 
left France will arrive at the port of Rokkasho * :ilage in 
Aomori Prefecture in the latter part of April. The coun- 
tries situated along the coasts of the assumed sea route, 
as well as environmental activist groups, accused the 
Japanese Government of not making information avail- 
able to the public and expressed their concern. Did the 
government do everything that ought to be done in 
preparing for this? What about the problem of shipment 
which will continue for the next ten or twelve years? We 
put these questions to Mr. Koji Kaneko (head of Nuclear 
Fuel Division, Tokyo Electric Power), serving as director 
of “Electric Power Transport Headquarters,” established 
by four electric utility companies (Tokyo, Kansai, 
Shikoku, and Kyushu), all of whom are shippers. 


Use of Nuclear Energy Essential 


NIKKEI SANGYO SHIMBUN: Concerning the trans- 
portation of high-level radioactive waste, the coastal 
countries situated along the ship’s route and citizens’ 
groups, one after another, are declaring themselves 
against it. Perhaps you did not do a thorough job of 
explaining this beforehand both in Japan and abroad. 


Kaneko: Use of nuclear power as an energy source is not 
something we can do without. Spent nuclear fuel still 
contains 97% usable uranium and plutonium. There is 
no way a resource-scarce country like Japan can let these 
go waste. However, it will be around the year 2000 
before domestic reprocessing plants can become opera- 
tive. The electric power industry has been utilizing the 
reprocessing capabilities of England’s BNFL since 1969 
and France’s COGEMA since 1978. Japan must take 
back high level radioactive waste generated during the 


reprocessing. 
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Explain to Various Countries Beforehand 


Kaneko: We have been preparing for the transport of 
radioactive waste since 1992 when Japan Nuclear Fuel, 
Lid. (JNF) began the construction of a temporary storage 
facility in Rokkasho Village, Aomori Prefecture. We did 
our best to explain to the Pacific Rims and Southeastern 
Asian countries, and North and South American coun- 
tries what we were going to do about the radioactive 
waste through the cooperation of each government 
involved. Shipment of waste will continue for the next 
twelve, thirteen years. If our explanation was inade- 
quate, we will accept it with humility and try to learn 
from it so that the next shipment will not become a cause 
of another controversy. 


NIKKEI SANGYO SHIMBUN: You decided not to 
make the route public. In view of the earlier statement 
that information would be made public, your subsequent 
action leaves the impression that you are backing off. 


Kaneko: It is stipulated in the International Atomic 
Energy Agency(IAEA)’s guideline that a special protec- 
tion measure is not necessary to deal with high level 
radioactive substances. It is different from the case of 
two years ago when the Power Reactor and Nuclear Fuel 
Development Corporation (PNC) used the Akatsuki 
Maru to transport plutonium. Both the government and 
the industry were thinking of making the information 
available to the public. However, we placed COGEMA 
in charge of transporting nuclear waste this time, and a 
company which is actually carrying out this matter is 
BNFL’s subsidiary. In other words, this is a joint project 
involving Japan, France, and England. Anti-nuclear 
activists’ action which took place in England—attaching 
a simulated mine to one of BNFL-owned ships—was 
what made England and France harden their attitude 
toward these activist groups. 


Although we did not make the route public, this was not 
the first time Japan’s spent nuclear fuel had been 
shipped to England and France. This already had been 
done for a few tens of times. I assume that the reason 
why it became the center of world attention this time was 
that this was the first time high-level radioactive sub- 
stances were involved. Beginning with next shipment, if 
the three countries have decided that ship’s safety can be 
assured, then the route will be announced prior to ship’s 
sailing. 


NIKKEI SANGYO SHIMBUN: The opposition groups 
seem to think that safety cannot be ensured in the event 
of ship’s fire. 


KANEKO: The radioactive waste is vitrified and placed 
in a Stainless steel container. Its shipment container has 
passed a rigorous test to determine how well it with- 
stands hypothesized handling errors and accidents. As 
for the transport ship itself, it was built to withstand 
strong impact, by making its bottom and sides double 
thick and providing multiple rooms. BNFL ships have a 
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no-accident record during the past 20 years, but we still 
are doing all we can to ensure safety. 


Efforts Also Made in Making Information Available to 


Kaneko: One of the things pointed out by anti-nuclear 
activists is that test requirement regarding the con- 
tainer’s fire resistant capacity, namely, whether the con- 
tainer can withstand the temperature of 800°C for the 
duration of 30 minutes, is inadequate. However, this is 
the standard developed by International Maritime Orga- 
nization based on the analysis of ships’ past accidents. It 
is recognized also by IAEA. It also contains materials 
which can respond to each and every concern expressed 
by anti-nuclear groups with explanation. 


NIKKEI SANGYO SHIMBUN: Another problem has 
to do with the final disposal site, where nuclear wastes 
are to be disposed deep in the ground, has yet to be 
decided upon. 


Kaneko: We have not yet established a nuclear fuel cycle 
consisting of: 


(1) reprocessing, 
(2) use of plutonium to produce fuel, 
(3) disposal of high level radioactive substance waste. 


The industry must take on the challenge presented by 
this new technology, solving on its own problems asso- 
ciated with it along the way. Since we will not be able to 
do any of these things without the consent of society, we 
feel that we should make greater effort in providing 
information to the public. 


Viewpoint 


Transparency Still a Problem 


The amount of spent nuclear fuel which Japanese elec- 
tronic power industry contracted England and France to 
reprocess is approximately 7,000 tons. For the next 
twelve, thirteen years, the waste product of this repro- 
cessing, viz., high level radioactive substances, will be 
returned to Japan in a vitrified form., with the total 
number vitrified bars reaching approximately 3,300. 
While this is going on, Japan also will be producing high 
level radioactive substances equivalent to approximately 
1000 vitrified bars a year. 


How to dispose high level radioactive waste is a difficult 
question but one which Japan cannot avoid if it is to 
continue using nuclear energy. The administration, how- 
ever, has been less than willing to present this problem to 
the public for open discussion and to obtain the public 
consensus. It is not enough for the administration to 
merely present to the public what has been decided 
between the government and the industry. It must make 
every effort to explain to Japanese people, without 
becoming very technical, its future plans and attendant 
problems as early as possible. Since Japan's nuclear 
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energy policy, because of its use of plutonium, is 
attracting attention internationally, the government 
must consider providing information to overseas coun- 
tries as well. 


Development on FBR Fuel Reprocessing 
Technology: Recycle Equipment Test Facility 


95FE0223A Tokyo NIHON GENSHIRYOKU 
GAKKAISHI in Japanese Oct 94 pp 911-918 


[FBIS Translated Text] 


[Abstract] Since 1975 the Power Reactor and Nuclear 
Fuel Development Corporation, in conjunction with the 
fast breeder reactor fuel reprocessing, had been working 
on the device development, hot basic tests, etc., and 
obtained a prospect on its feasibility by employing Purex 
process and new types of devices such as the laser 
dismantler, the continuous dissolver, the centrifugal 
extractor, etc. The recycle equipment testing facility 
(RETF) is a facility to verify the validity of the designs 
for the existing equipments and processes, and the hot 
test in an engineering scale by using the “Monju” reactor 
core fuel assembly, etc., is in the planning. The data 
collected at the RETF are reflected in the design and 
construction of the future facility, and at the same time 
the RETF will be utilized as the arena for the future 
research and development toward commercialization. 


I. Introduction 


The Power Reactor and Nuclear Fuel Development 
Corporation (PRNFDC) is moving ahead with the tech- 
nology development aimed at establishing the Pu utili- 
zation structure with the fast breeder reactor capable of 
drastically enhancing the utilization efficiency of the U 
resource as compared to the light water reactor, in order 
to contribute toward the stable supply of our nation’s 
future energy. To this end, it is necessary to proceed with 
a comprehensive development of a safe nuclear fuel cycle 
technology with a superior cost effectiveness in sync with 
the development of the fast breeder reactor. 


In terms of the development of the fast breeder reactor, 
the “Monju,” a prototype reactor, reached its initial 
criticality on 5 April 1994, which was a giant step. In 
terms of the fast reactor fuel reprocessing, which is the 
other hinge for nuclear fuel cycling, its technology devel- 
opment has been in progress with the PRNFDC’s Tokai 
Office at the center, and the plan is to construct the 
recycle equipment test facility (RETF) with the aim of, 
based on the accomplishments of the research and devel- 
opment up to date, verifying the technology at the 
engineering scale and of reflecting the achievement 
toward the design of the future plant. The safety inspec- 
tion for the RETF is to be completed in August, 1993, 
and its construction is to begin sometime this year. 
In this article, the summary of the results of the tech- 
nology development for the fast reactor fuel reprocessing 
and the RETF will be introduced, and the movement of 
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the research and development on the future fast reactor 
fuel reprocessing will be described. 


II. Current Status on the Technology Development of 
the Fast Reactor Fuel Reprocessing 


1. Characteristics of the Fast Fuel Reprocessing 


The foundation of the fast reactor fuel reprocessing is 
Purex process commercialized for the light water reactor 
fuel reprocessing. However, due to the following charac- 
teristics of the fast reactor fuel distinct from those of the 
light water reactor fuel, it is necessary to develop a 
technology which would meet those: 


(1) The fuel assembly has a stainless steel hexagonal 
tubular wrapper covering the fuel pin bundle. This 
necessitates a process to remove (dismantling process) 
the wrapper prior to shearing the fuel pin; 


(2) Since the Pu density in the spent fuel is high at 
20-30% as compared to that of the light water fuel at 
several %, the restrictions on its configuration and 
dimensions for of the criticality control become stricter, 
which would necessitate a compact equipment with a 
high processing capability; 


(3) The burnup of the spent fuel is currently at about 
100GWd/t, and the future target is about 150- 
200GWd/t, which is much higher than that of the light 
water fuel at 30-SOGWd/t. Since it results in a higher 
portion of fission products in the spent fuel, which 
results in an increased amount of undissolved residue, a 
raised level of specific radioactivity, etc., higher capabil- 
ities of dissolution, purification, and extraction pro- 
cesses which would respond to those will become neces- 


sary. 


2. Chronology of the Development 


Since 1975 the PRNFDC with Tokai Office at the center 
has undertaken the development of necessary technolo- 
gies with Purex process which has been employed at 
Tokai reprocessing plant as its base, in order to over- 
come the unique problems associated with the fast 
reactor fuel reprocessing. 


Following the basic test in beaker scale, an applied test 
wing (completed in July, 1980) and the second applied 
test wing (completed in February, 1983) were arranged 
within Tokai Office in order to proceed with the devel- 
opment of the equipments for each of the dismantling, 
shearing, dissolving, and extracting processes. Further, a 
chemical processing facility (CPF) was constructed as a 
facility to conduct basic hot reprocessing tests using the 
spent fuel pins such as that by the “Joyo,” a fast 
experimental reactor, and the tests began in 1982, and 
the data for the dissolution of the spent fuel and for the 
U and Pu extraction isolation have been accumulated. 


Such a technology development resulted in obtaining a 
prospect that Purex process could be made applicable to 
the fast reactor fuel reprocessing by around 1985. 
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Subsequently, the advanced technology was pursued 
with an aim of obtaining further cost-effectiveness. Spe- 
cifically, the development of new types of compact 
equipments with high performances such as an assembly 
dismantling technology using laser, a continuous dis- 
solver, a centrifugal extractor, etc., and the tests on a 
salt-free process which would lead to lower amount of 
salt waste generated, were undertaken. Further, in terms 
of remote maintenance technology, an actual scale devel- 
opment testing room (completed in March, 1986) was 
newly constructed, and mock-up tests on rack facility in 
actual scale, the dual-arm servo manipulator, etc., were 
undertaken. 


On the other hand, in terms of international coopera- 
tion, a technical cooperation pertaining to remote con- 
trol technology and Japan-U.S. joint criticality experi- 
ments, etc., have been conducted with U.S. Oak Ridge 
National Laboratory (ORNL) under the Japan-U:S. Fast 
Reactor Treaty. Further, in 1987 it began the “Japan- 
U.S. Joint Research on the Technology Development for 
the Fast Reactor Fuel Reprocessing” in cooperation with 
ORNL again, which, among all, led to various joint 
researches in 4 fields of continuous preprocessing tech- 
nology, advanced solvent extraction technology, 
advanced remote technology, and facility design optimi- 
zation, which produced great results. The joint 
researches ended as of the end of September, 1994. 


Figure | illustrates the chronology of the technology 
development of the fast reactor fue! reprocessing. 


3. Main Technological Results 


The results on the technology development obtained 
through the development described above can be sum- 
marized as follows:, 


(1) At the CPF, the hot reprocessing basic tests were 
conducted by using the irradiated fuel at the “Joyo” or 
overseas reactors (the burnup range up to about 
100GWd/t covered). As a result, the data collection 
pertaining to the dissolution properties of the fast reactor 
fuel with a high Pu density at a high burnup and to U and 
Pu extraction and isolation properties was undertaken, 
and the applicability of Purex process to the fast reactor 
fuel was verified; 


(2) The mock-up tests using the cold or U advanced the 
development of new type equipments such as the 
assembly dismantler using carbon dioxide laser, the 
rotating-drum type continuous dissolver, the centrifugal 
purifier and centrifugal extractor, and a prospect of the 
commercialization of each of them was obtained; 


(3) On account of the technology development for the 
dual-arm type servo manipulator, the rack system, etc., 
the foundation for a new remote maintenance tech- 
nology based on a large-scale remote maintenance cell 
concept was established; 


(4) The foundational technology pertaining to the salt- 
free process aimed at lowering salt waste generated was 
established; 
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Figure 1. Chronology of the Technology Development of the Fast Reactor Fuel Reprocessing. 
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(5) On the basis of a series of research on material 
corrosion and the results of employing the Ti-5Ta in the 
acid cycle evaporator at Tokai reprocessing plant, the 
corrosion problems of the equipments, etc., for the 
reprocessing process were largely overcome; 


(6) On account of the implementation of Japan-U.S. 
joint criticality experiments, the criticality data on the 
fuel structure and container configuration compatible 
with the fast reactor fuel reprocessing conditions were 
obtained over the wide range, and the verification of the 
criticality computation codes could be conducted under 
the fast reactor fuel reprocessing conditions. 


Ili. Summary on the RETF Project 


1. Role of the RETF 


It is considered that the development as of date enabled 
the prospect on the feasibility on new-type equipments 
and processes necessary for the fast reactor fuel repro- 
cessing. However, in order to establish an cost-effective 
and reliable fast reactor fuel reprocessing technology, it 
is important, besides the development of element tech- 
nology, to work on the optimization as a system by 
conducting tests under the conditions as close as possible 
to the actual situation. 


In order to resolve this issue, the RETF is a test facility 
with a purpose of establishing process engineering and of 
verifying new-type equipments and processes by con- 
ducting hot tests in engineering scale by using the spent 
fuel assembly by the “Monju,” etc. 


It can be noted that an concentration of the main issues 
for the technology development in the fast reactor fuel 
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reprocessing is largely found in the areas of prepro- 
cessing and extraction/ isolation processes. On account 
of this, the RETF is to be a test facility focused on the 
tests on these process equipments and processes. 


It is expected that the results from the RETF, along with 
those from other test facilities such as the CPA, will be 
reflected in the design, construction, and operation of 
the future reprocessing plants. 


2. Test Project at the RETF 


The RETF verifies the performance of process equip- 
ments by using the spent reactor core fuel assembly from 
the “Monju,” and collects as well scientific process data 
pertaining to dissolution, extraction, isolation, etc. The 
maximum test capability of the process equipments is 
10kgHM/h. | 


As for the dissolution, extraction, and isolation tests 
using the spent core fuel assembly, a continuous test up 
to about 16 hours (corresponding to maximum 
160kgHM and 3 units of core fuel assembly) is possible. 


And, the spent blanket fuel assemblies from the 
““Monju” and “Joyo” with a small Pu content are largely 
to be used for the reliability verification test of the 
mechanical preprocessing process equipment such as the 
dismantler, shearer, etc., which require long-term con- 
tinuous tests. 


The maximum burnup of the “Monju” core fuel 
assembly is 94GWd/t, and tests on the burnup following 
the parameters from a low burnup to medium to a high 
burnup are conducted. Further, using various equipment 
operation conditions and process conditions as parame- 
ters, the data pertaining to the equipments and processed 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














26 NUCLEAR TECHNOLOGIES 





er : 
ad 4, 23... 


Ag 9 “a ‘ ey 
Wied y A Sean A 
ane os ti 


for preprocessing process, chemical processing process, 
and other systems under a wide range of conditions are 
collected. 


The data accumulation pertaining to the “Monju’s” 
breeding performance through the reprocessing test such 
as the above is also an important task for the RETF. 


3. Facility Summary of the RETF 


(1) Facility Summary 


The RETF is placed on the campus of the reprocessing 
facility of the PRNFDC’s Tokai Office, and consists of 3 
wings, namely, the recycle equipment test wing (herein- 
after referred to as the “test wing’’), the emergency power 
generation wing, and the administrative wing. 


The test wing where testing takes place occupies an area 
of about 3,800 m2, and is a steel-enforced concrete 
building with 2 sub-ground floors and 6 above-ground 
floors. Fig. 2 is a bird’s eye view of the test wing, and in 
the center of the test wing a large-scale cell (test cell) 
encompassing the 2nd sub-ground floor to the 2nd 
above-ground floor, wherein the test equipments are 
housed. The maintenance work on the equipments in the 
test cell is done by remote control using 2 cranes and 2 
dual-arm manipulators placed on top of the test cell. The 
remote control is operated by the control facility housed 
in the control room on the 3rd floor of the test wing. On 
top of the test cell a cell aimed at the maintenance, etc., 
for the equipments in the test cell (repair cell) is housed. 


On the orca further raised on one side inside the test cell 
the dismantler, shearer,etc., are placed. In the rest of the 


Figure 2. Bird’s Eye View of the Recycle Equipment Test Facility 
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area are placed 8 units of frames called racks loaded with 
test equipments, tower container, etc. 


The test equipments placed in the test cell are structured 
as such that they can be maintained and replaced by the 
remote control, and the racks themselves are also struc- 
tured as such that they can be removed by remote 
control. 


By employing a method of placing the equipments and 
racks maintainable by remote control in a large-scale cell 
equipped with such maintenance facilities (large-scale 
remote control maintenance cell method), a lower expo- 
sure to the employees during the maintenance and a 
greatly-shortened maintenance time can be expected, 
and an easy placement of the new equipments and 
facilities and the changes of the processes that are 
necessary at the RETF can be expected when the 
research and development on the reprocessing tech- 
nology are conducted on a long run. 


As described above, the RETF is meant to be a test 
facility focused on the testing of the equipments for the 
preprocessing process and extraction/isolation process 
and the processes, the existing Tokai reprocessing plant 
is to be utilized for the processes other than those 
necessary for the technology development of the fast 
reactor fuel reprocessing. Specifically, the U and Pu 
mixture solution, liquid waste, and solid waste generated 
as a result of the testing at the RETF are all to be sent to 
Tokai reprocessing plant and processed, and the existing 
stack is utilized for the exhaust as well. A portion of the 
light water reactor fuel reprocessing period at Tokai 
reprocessing plant is to be allocated for the processing of 
the tested solution from the RETF, etc. Further, the Pu 
isolated at Tokai reprocessing plant is finally collected as 
an oxide mixture with U. IAEA’s security measures are 
applicable to such a series of processes. 
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Figure 3. Outline of the Recycle Equipment Test Facility Structure 
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(2) Summary of the Test Facility 


Table 1 shows the main new-type equipments developed 
with the fast reactor fuel reprocessing taken into consid- 
eration. 








Table 1 Main Test Equipments 























Name of Test Equipment Feature of Equipment 
Dismantling Tester Laser Cutting Method 
Dissolution Tester Rotating Drum Continuous Type 
Purification Tester Centrifugal Purification Type 
Extraction Tester Centrifugal Extraction Type 
Solvent Washing Tester Centrifugal Extraction Type 
Electrolysis Tester Box-type Electrolysis Vat 








The RETF has the test facility consisting of these new- 
type equipments and containers, etc., placed around 
their peripherals (each of the test facilities such as 
dismantling, shearing, dissolution, purification, extrac- 
tion, solvent washing, etc.) and peripheral facilities nec- 
essary for executing the tests (each of the facilities such 
as acceptance, offgas processing, rework, low-radioactive 
waste liquid temporary storage, etc.) arranged on the 
racks, etc., along the processes, and individual tests by 
the equipment and tests through the entirety of the 
processes are conducted. 


Figure 3 illustrates an outline flow chart of the RETF. 
(1) Dismantling Test Facility 


The dismantling test facility has the laser shearing dis- 
mantler at its core, and is equipped with a large-output 
carbon dioxide gas laser oscillator with a maximum 
output of 10kW. The dismantler cuts and removes with 
the laser ray the wrapper tube, entrance nozzle, etc., 





from the spent fuel assembly, and conducts tests per- 
taining to the process of dismantling the fuel pin bundle. 
The employment of the laser cutting method made a high 
speed dismantling possible as compared to the mechan- 
ical cutting method. Further, it allowed it to be compact 
by employing a dismantling method which moves the 
laser beam over the stationary assembly lengthwise. 


Photo | illustrates the laser dismantler (experimental 
machine). 


(2) Shearing Test Facility 


The shearing test facility is a test facility with a water- 
pressured horizontal cutter type shearing test machine at 
its core. The shearing test facility conducts tests on 
shearing the fuel pin bundle from the dismantling test 
machine with the wrapper tube, etc., being removed into 
the length of several cms. 


(3) Dissolution Test Facility 


The dissolution test facility has at its core a rotating- 
drum type dissolution test machine employing the con- 
tinuous dissolution method, and consists sf peripheral 
equipments such as an air and liquid isolator, the disso- 
lution solution receptacle, a hull washer, etc. 


The dissolution test machine utilizes sheared fuel sent 
from the shearing test machine, and conducts dissolution 
test by nitric acid. 


Figure 4 illustrates the continuous dissolution test 
machine. 


The fuel and nitric acid make an alternate contact with 
each other inside the drum with sheared fuel pieces from 
one of its ends and the nitric acid from the other being 
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Photo 1. Laser Dismantling Tester (Experimental Production) 





Figure 4. Continuous Dissolution Tester (Concept) 
Stationary j Supply of 














supplied. By rotating the drum at regular intervals, the 
sheared fuel pieces successively move, and are ultimately 
discarded as hull. The exhaust gas from the dissolution 
test machine, etc., is sent to the shearing and dissolution 
offgas processing facility along with the exhaust gas from 
the shearing test machine. 


Photo 2 illustrates the external appearance of the exper- 
imental machine. 


(4) Purification Test Facility 


The purification test facility has a centrifugal purifica- 
tion type purification test machine at its core, and 
consists of a purification liquid receptacle, a slurry 
receptacle, etc. The purification test verifies the removal 
performance, etc., of non-dissolved hull such as plat- 
inum group type micro particles, etc., in the dissolution 
solution by using the dissolution solution from the 
dissolution test machine. 


(5) Extraction Test Facility 


The extraction test facility is a test facility having at its 
core an extraction tester using a centrifugal extractor, a 
diluent washing tester, and a box-shaped electrolysis 
tester, and in addition to these testers are placed a 
solution supplier, high radioactive waste solution recep- 
tacle, a Pu solvent receptacle, a U solvent receptacle, a 
shipment register, etc. 


The extractor at Tokai Reprocessing Plant has shown a 
stable performance using a mixer settler, but as in a fast 
breeder reactor fuel reprocessing it is expected that the 
medium damage by radioactivity would be great, a 
centrifugal extractor with a fast processing which can be 
made compact has been under development. 


Photo 3 shows a 4-stage centrifugal extractor which was 
experimentally produced. 


In order to verify the burnup and the extraction isolation 
properties of the U and Pu in the fast reactor fuel with a 
high Pu concentration with a system with centrifugal 
extractors combined, No. | extraction tester extracts U 
and Pu from the dissolution solution and conducts the 
co-decontamination test which isolates nuclear fission 
products, No. 2 extraction tester the distribution test 
which separates the mixture solution of U and Pu into 
the U solution and the Pu solution, and No. 3 extraction 
tester the reverse extraction test which returns the U in 
the solvent into the nitric acid. 


While in the distribution test for U and Pu reduction 
reagents such as hydroxylamine nitrate, hydrazine, etc., 
are to be used, the dissolution test on the residual 
reduction reagents and Pu reoxidation test are con- 
ducted in the electrolysis tester. 


The P solution and the U solution are mixed in the 
shipment register via the Pu solution receptacle and the 
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Photo 2. Continuous Dissolution Tester (Experimental Production) 





U solution receptacle respectively, and subsequently sent 
to Tokai reprocessing plant. 


Further, it is structured as such that the tested solution 
from ihe extraction test facility is sent to the evaporation 
canisier of the rework facility, and that, after its concen- 
tration is adjusted, it is sent to the extraction test facility 
again for retesting. 


(6) Solvent Washing Test Facility 


The solvent washing test facility is a test facility with a 
solvent washing tester using a centrifugal extractor, a 
washing waste solution electrolysis tester which is a 


Photo 3. 4-Stage Tentrifugal Extractor 
(Experimental Production) 
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box-shaped electrolysis vat, etc., at its core, and in 
addition to these testers are placed the solvent recep- 
tacle, a solvent filter, etc. 


The solvent washing tester washes the used solvent from 
the extraction test facility with salt-free reagents such as 
hydrazine carbonate, hydrazine oxalate, etc., and con- 
ducts the verification test on the removal efficiency of 
degradation products, etc. The washing waste solution 
electrolysis tester conducts the electrolysis test on the 
residual salt-free reagents. 


4. RETF Construction Process 


The application for the modification on the installation 
permit for the RETF as an auxiliary facility of Tokai 
Reprocessing Facility was submitted on 28 January 
1992, and was granted on 3 August 1993, after the safety 
inspection. Subsequently, the work toward the applica- 
tion for the design and construction permit (approval on 
the design and construction method) has continued. 
Since the RETF construction is to be over a long haul, 
the plan is to submit divisional design and construction 
permit applications on the basis of the construction 
schedule for the building, the interior decoration, etc., 
and to proceed with the construction in a incremental 
manner after the permit has been granted, and the target 
is to begin the building construction within 1994 and to 
complete it in 1998. The hot test is scheduled to begin in 
2000 after the cold and U tests. 


IV. Future Movement of the Fast Reactor Fuel 
Reprocessing Technology Development 


In terms of the fundamental policy for the commercial- 
ization of the fast reactor fuel reprocessing, the specific 
construction plan is to be made with an aim for the test 
plant, first of all, to begin its operation around the 
middie of the 2010s, which will lead to the future 
commercial plant. 
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Figure 5. Development Aims and Main Technology Issues 
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While the development of the fast reactor fuel repro- 
cessing technology has produced certain results, since 
there remain many development issues toward commer- 
cialization to be solved, the technology development will 
be pursued with an aim of commercialization with the 
following 3 thrusts. The plan is to utilize the result of the 
RETF along with the results from the CPA, applied test 
wing, etc. 

Figure 5 illustrates the aims of the research and devel- 
opment and main technology issues. 

(1) Improvement of Cost-effectiveness 

In terms of the cost-effectiveness of the fast reactor cycle 
at the commercialization stage, the aim is to achieve the 
level of the generation cost for the cycle as a whole which 
is more than equal to that of the light water cycle. To 
achieve this target, the lower fuel cycle cost along with a 
lower reactor construction cost is important. Toward 
that end, it is necessary to work on lowering the spent 
fuel reprocessing cost along with high burnup, lower fuel 
processing cost, etc. 


To that end, the development of compact equipments 
with high performance and of shortened processes is to 
be promoted, and the cost target is to be achieved by 
lower construction costs with compact buildings, 
improved operational efficiency by improving life and 
maintenance by remote control with the improvement of 
the equipment reliability and high performance mate- 
rial, cost reduction by automation of the operation, and, 
further, lowering of the waste processing cost by a 
decreased amount of waste generated by salt-free tech- 
nologies, etc. 


(2) Improved Safety and Environmental Protection 


Safety is the foremost issue for nuclear power utilization, 
and it is necessary to place an emphasis on a lower 
radioactivity and lower exposure to the operator during 
a normal operation, not to mention the prevention of 
fire, explosion, etc. 


The environmental issue has become an important issue 
to be considered by the humankind in a global scale, and 
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it is necessary to show the maximum effort toward 
environmental protection in order to see settled in the 
nuclear power as an important energy source. For this, it 
is necessary in reprocessing to develop a technology such 
as salt-free process, etc., which would contribute toward 
lowering the waste to be generated, and a technology 
pertaining to lowering radioactivity, etc., to be released 
into the environment. 


(3) Improved Nonproliferation Resistance 


While the PRNFDC has up to now been making efforts 
to have the international community understand a 
peaceful use of Pu by applying the IAEA’s safety mea- 
sures, etc., more attention needs to be paid to nuclear 
nonproliferation in the midst of a more fluid interna- 
tional situation of the recent time. To this end, more 
aggressive effort is needed to strengthen nuclear nonpro- 
liferation of the fuel cycle itself such as the development 
of Pu/U/N coextraction technology and isolation/ 
collection technology of minor actinides such as Am and 
Cm, establishment of non-purified (or low decontamina- 
tion coefficiency) fuel utilization system, etc. 


NUCLEAR TECHNOLOGIES 3 


V. Conchusion 


The PRNFDC'’s fast reactor fuel reprocessing technology 
development has reached the stage where the equip- 
ments and processes are to be verified in hot i 
scale based on the development results since 1975. It tis 
now at the stage where it is about to undertake the 
construction of the RETF as the arena for its 

ment. Its aims for the future are 


reprocessing. Further, the plan is to further the develop- 
ment of advanced nuclear fuel recycle technology 
including the research and development on minor 
actinides. 

In conclusion, I would like to express my deep gratitude 
to Professor Emeritus Jun Oishi, Kyoto University, and 
many others for the plethora of their guidance con- 
cerning the long-running research and development as of 
date on the fast reactor fuel reprocessing technology. 


Hisao Ojima, the Power Reactor and Nuclear Fuel 
Development Corporation 
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Abstract 

ATM communication technology and an ATM premises 
network have been developed. Application of the ATM 
technology makes it possible to integrate real-time data 


represented by video data and burst data like computer 
data in the same transmission line. 


The ATM premises network is a combination of ATM 
nodes with a 622Mbit/s dual ring, and each node has a 
1 SSMbit/s 8x8 ATM cell switch. This system has both (a) 
broadband character based on the star topology network 
between the node and the terminals, and (b) wide area 
application through the combination of the ATM nodes 
with the ring. 

The ring access method has the following features: 


(1) The bandwidth of the ring network distinguishes 
between real-time data and burst data. 


(2) Efficient transmission of real-time traffic is attained 
while assuring the required quality of service. 


(3) Fairness is guaranteed for burst traffic while realizing 
efficient communication. 


Based on the ATM technology developed, digital multi- 
media networks can be constructed in broadcasting 
studios and museums. 


1. Introduction 


With progress in digital image processing technology, 
such as the Moving Picture Experts Group (MPEG), it 
has become possible transmit NTSC quality video at a 
rate of about 4Mbit/s, and the expectations for digital 
video signals are increasing. On the other hand, in the 
computer field, there is an increase in the number of 
computers set up in offices, etc., and with the dissemi- 
nation of the Internet and the like, there is an increase in 
traffic in computer communications. 


Asynchronous transfer mode (ATM) is attracting atten- 
tion as a technology for the next generation network 
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system for transmitting the multimedia data combina- 
tions. The ATM transmission system is one in which 
information is transmitted using fixed length cells (infor- 
mation cut into fixed lengths with address and other 
information called a header added); only effective cells 
are transmitted when information is transmitted, and 
nothing is transmitted when it is not necessary, so it is 
compatible with multimedia communications which 
presume various information patterns. 

However, we have the following problems when we . 
combine multimedia data and transmit it. 

With video communications, audio communications 
and line emulation communications, there is a require- 
ment for data transmission with a high level of real-time 
character and information must always be transmitted 
continuously with little delay. Therefore, with the trans- 
mission of video and other data with a strong real-time 
character, it is necessary to reduce delay and delay 
fluctuations. On the other hand, in computer communi- 


_ Cations, data is transmitted in bursts only when trans- 


mission is necessary. Thus, in computer communica- 
tions, it is necessary to insure fairness so that, while there 
is efficient transmission between users using bursts that 
circulate in surplus bands, users must have equal access 


_to surplus bands in such a way that a specific user does 


not occupy the transmission bands. 


In order to do this, the authors have developed ATM 
communications technology for both data communica- 
tions that have a large real-time character (real-time 
communications) and data communications that have a 
strong burst character (burst communications). This 
time we made a prototype of a communications system 
with a network configuration that joins ATM node units 
with 1S55Mbit/s unit 8x8 inputs and outputs using a 
622Mbit/s ring. 


In this report, we will give an outline of the ATM 
communications technology and the prototype premises 
ATM communications system we developed. 


2. System Outline 


2.1 System Architecture 


Figure | shows the system architecture. The ATM node 
units have an ATM cell switching function with 8 inputs 
and 8 outputs with 1 55Mbit/s units. Through the use of 
star connections between nodes and terminals, the ter- 
minals can occupy a band on the transmission path, and 
wideband communications are possible. 


When the range of the network is increased to connect 
nodes that are located on other systems or in other 
buildings, the nodes are connected by a ring. The nodes 
have a ring access function for accessing the 622Mbit/s 
ring transmission path. 
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Figure 1. System Architecture 
Key: 1. ring transmission path; 2. ATM node unit 






































2.2 Main Specifications 


The main specifications of the prototype ATM node 
units are given in Table |. 
































Table 1 Node Specifications 

ring access system independent system (two types) 

cell conversion system common memory 

priority control four classes (two delay levels x 
two loss levels) 

ring transmission path 622Mbit/s dual ring 

ring transmission system ATM in SDH 

interface ATM interface (1 SSMbit/s) 
LAN interface (Ethernet ) 

RAS cell switch section duplex 
switching loop-tack 

"Registered trademark of Xerox Corp. 





The node can have a maximum of seven interfaces. Also, 
_a maximum of 64 of these nodes can be connected using 
the ring transmission path. 


2.3 Features 


A multimedia network must efficiently transmit data 
while satisfying the transmission quality required by the 
various media. 
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This system has the following features. 


(1) Wideband character using star connections between 
nodes and terminals. 


Nodes and terminals are connected by star topology. 
Since in star topology the terminals can occupy the 
transmission path band connected to the node, it is 
appropriate for wideband communications. 

(2) Wideband character using connection by ring trans- 
mission path between nodes 


When we want a wideband network with this communi- 
cations system, the nodes are connected by a ring trans- 
mission path. 

In the case of wideband switching, multiple nodes share 
the ring transmission path, so it is important to use the 
ring transmission path efficiently. These nodes have ring 
access functions with the following features. 


(1) Separation of real-time communications band and 


. burst communications band transmission bands 


In this network, the ring transmission path is divided 
into a real-time communications band and burst com- 
munications band, and the two do not affect each other. 


(2) A real-time communications band that can carry out 
efficient transmission 


By apportioning rights to the unused bands in real-time 
communications to other nodes, mutual circulation of 
bands among nodes is promoted, and efficient transmis- 
sion is possible. 


(3) Burst communications band assures fairness 


The burst communications band assures fairness among 
nodes in the use of bands, and efficient communications 
are possible through the circulation of surplus bands. 


3. System Outline 


3.1 Cell Switching Method 


In terms of the switching method for these nodes, it is 
necessary that the ring access function shown in 3.2 and 
priority control functions can be added easily and that 
there is good cost-performance when circuits are made 
for buffer efficiency and low-speed clock operation. On 
the other hand, representative cell switching methods are 
self-routing, bus and common memory. These methods 
are compared in Table 2. 





Table 2. Comparison of Cell Switching Methods 























Methed SR switch bes switch COMMOR Memory switch 

Item 

addition of ring access control impossible because of multi-stage | can handle with bus access (**) can handie with address control 
configuration (x) control (**) 

addition of priority control®e difficult because of multistage only increase output line buffer only increase common buffer con- 
configuration (-) (**) trol circuit (**) 
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Table 2. Comparison of Cell Switching Methods (Continued) 

Methed SR switch bes switch Common memory switch 

buffer efficiency poor efficiency because buffers | poor efficiency because buffers good efficiency because of one 
>| res : ~\ematetemates common buffer (**) 

low-speed operating clock through | for serial processing (-) possible (**) possible (**) 

parallel conversion 

overall evaluation nN * os 














NOtClogs rate and delay time priorities are given for each VC, and cell switching function follows priority. 





This system uses common memory for the cell switching 
method because of its high buffer efficiency and the ease 
of adding ring control functions. 

In order to supply the switching quality required by each 
type of traffic that is switched and transmitted by this 
system, cell level priority control is carried out during 
cell switching. 


The quality items that are controlled are the cell 
switching delay time and cell loss rate due to common 
memory overflow; two quality classes, priority and non- 
priority, are set up for these quality items, and four 
classes of quality are supplied through the combination 
of these. The quality classes for delay are discriminated 
and controlled by VCI value. On the other hand, the 
quality classes for loss are discriminated and controlled 
by the cell loss priority (CLP) bit value in the cell header. 


In carrying out priority control, delay and loss quality 
are independently controlled. 


(1) Priority control for cell switching delay 


Each outgoing line for the switch is assigned a outgoing 
line queue for delay priority class and delay non-priority 
class, and with cell transmission to the outgoing line, 
cells from the delay priority queue are always read off as 
long as there are cells in that queue. In this method, the 
control is simple and at the same time, the best control 
can be carried out for various traffic conditions. 


(2) Priority control for cell loss 


In order to carry out flexible control in congested con- 
ditions for the outgoing line of the switch, we used a 
method that controlled by means of outgoing line queue 
length. When the length of the output queue exceeds a 
predetermined threshold value, and it is determined to 
be congested, the loss priority class quality is assured by 
abolition of arriving cells in the loss non-priority class. 


The characteristics of priority control for the above cell 
loss are shown in Figure 2. When the threshold value is 
approximately the same as the amount of common 
memory (in the neighborhood of 50-60 cells), that is, 
when control is almost ineffective, the cell loss rate is 
almost the same for the two classes, loss priority and loss 
non-priority. However, we can see that the smaller the 
threshold value is the more effective loss priority control 
and the smaller the loss rate for loss priority class cells. 


3.2 Ring Access Method 


We developed an new ring access system to efficiently 
transmit data that combines data with strong real-time 
characteristics and data with strong burst characteristics. 
This ring access system separates the transmission bands 
into those for real-time communications and burst com- 
munications, and transmission paths with high effi- 
ciency are used for the former, while those that take into 
consideration fairness are used for the latter. 


3.2.1 Access Method for Real-Time Communications 


The cells that travel around the ring have three states, in 
use, idle and no-rights. Figure 3 shows transitions in the 
states of cells. Bands are assigned to each node according 
to the amount of input traffic. When the amount of data 
actually transmitted is less than the bands, data trans- 
mission for the ring transmission path is carried out 


Tq 
iN valent, 





10"? 









































10-¢ ; \ 
1% 
= wo 
y g 
adi SEES552- 
la oee ee ceeee ceewe Sewer a wee ee Sere Qutint 
Co 2 0 60 


BHNTOLarv@l(en) 2 
yvialtv-varv kt 
16x 1624 » F(R EY B- Htrr) 
SULUORROMT $0. BSR A0.4. RBATO.4) 
5-9 LHRD FLEX 


Figure 2. Loss Priority Control Characteristics — 
Key: 1. cell loss rate; 2. congestion determination 
threshold (cells); 3. Simulation conditions: 16x16 switch 
(common memory = 66 celis, usage rate of each line = 0.8 
(priority cell 0.4, non-priority cell 0.4), random arrival, 
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Figure 3. Cell State Transitions 

Key: 1. idle; 2. transition at arrival node; 3. when data 

less than the bands is transmitted; 4. in-use; 5. when data 

exceeding the bands is transmitted; ; 6. no-rights 





using idle cells or no-rights cells. The idle cells in the 
i bands that are not used become no-rights cells 
and travel around the ring. 


On the other hand, when it is necessary to transmit more 
data than the assigned bands on the ring transmission 
path, data is transmitted using the no-rights cells. By this 
means, bands circulate among the various nodes, and the 
transmission path can be used efficiently. 


In addition, in-use cells are released at the destination 
node and become idle, so the utilization of the transmis- 
sion path becomes more efficient. 


At each node there is a window for controlling the 
amount of data sent out into the ring transmission path, 
and the window opens and closes according to the band 
assigned to that node. The ring access operations are 
dotarmnined by the tate of this window, the cells arriving 
at the nodes around the ring and the transmission queue 
me eet cena 
in . 





Table 3 Ring Access Operations 


























woe amie arriving cell chamge te cefl 
wim stele cette qaewe = — 
closed no idle om 

no no-rights ~ 

med idle = 

yes no-nghts in-use 
open no rdle no-rights 

no no-rights = 

yes idle in-use 

yes no-rights in-use 
For example, let us consider the case in which the 


window is open (the band used is less than the assigned 
band) and there are cells waiting to be transmitted in th: 
queue. When an idle cell arrives in this case, a waiting 
cell is sent into the ring as an in-use cell. 

3.2.2 Access Methed for Burst Communications Band 
If the inequity of ring access opportunities for the 
various nodes is too great, there is the problem of not 





Figure 4. Network Configuration 
Key: 1. Ethernet/ATM terminal; 2. optical fiber; 3. CN: 
center node; 4. LN: local node; 5. SC: supervisory control 
unit 





being able to guarantee throughput. Thus, a cycle reset 
method is used for burst communications bands. 


After each node has received a reset cell and before it 
receives another, the nuinber of cells (window value) that 
can be transmitted is fixed. In other words, after each 
node has sent the number of cells in its window value, it 
cannot send more than until it receives another reset cell. 
After all of the windows have (a) finished sending their 
window value of cells or (b) they have no cells to transmit 
even though they have not reached the window value, 
reset cells are sent around the ring. By means of the 
above control, each node gets an equitable opportunity 
for transmission, and fairness is maintained. 


4. Prototype System 


We produced a prototype system based on the above 
methods. Next, we will explain the network configura- 
oe Se a aa Ge © ee ae 


4.1 Network Configuration 


Figure 4 shows an example of the network configuration. 
This network has a configuration connected to a dual 
ring that goes through a center node (CN) and multiple 
local nodes (LN). The local nodes have internal 
switching functions for terminals picked up by the node, 
ring access functions and node management functions. 
The center node has network management functions, 
ring access control functions and clock supply functions 
in addition to the functions of the local nodes. In 
addition, a supervisory control uait (SC) is connected to 
the center node, and using the supervisory control unit, 
network operations management as well as network 
confirmation and manual control by operators and 
maintenance personnel are carried out. 
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control LSI; 19. open address buffer dunesemn canted exthed —— — 
one port is the management port 
4.2 Hardware 
Switch LSIs were divided into the memory section and 
4.2.1 Node Configuration control section shown by the dashed lines in Figure 6 as 


Figure 5 shows the node configuration. The node is 
constructed of the ring interface, cell switching section, 
port interface, management CPU, Call control CPU and 
operation, administration and maintenance (OAM) cell 
and frame formation section. 

The cell switch has internal switching for the terminals 
that are connected and a ring access function, and with 
two ring ports, seven of the eight access ports in the ring 
interface are connected to the port interface, and the 
remaining one is connected to the OAM cell formation 
section as a management port. The ring interface section 
has functions for SDH frame terminal and cell header 
error control and ring loop-back. The port interface 
section houses the various interfaces. In the interfaces, 
there are ATM interfaces and LAN interfaces that supply 
bridge connection functions between Ethernet-LANs. In 
this network, a management communications path 
- between nodes is used (see 4.3(2)). Because of this, the 
OAM cell section connects the node management com- 
munications path (VC connections) through the manage- 
ment port, and it has a function for receiving and 
transmitting OAM cells. The OAM frame formation 
section connects the node management communications 
path (SDH section) and has a function for frame forma- 
tion for sending and receiving OAM frames. 

4.2.2 Switch LSI 


The specifications and configuration of the ATM cell 
switch that was produced using common memory are 
given in Table 4 and Figure 6. 


a result of considering the number of gates and signal 
lines. The control section is made up of one LSI and the 
memory section of eight using an eight bit slice. The 
specifications of the LSIs are given in Table 5. 






































Switch LSI Specifications 
name of product memory LSI control LSi 
developed 
—cell housing control 
—ring access control 
process 1.0um CMOS SC | 1.0um CMOSGA_ 
circuit scale approx. (4,000 70,000 gates 
gates 

operating speed 23MHz 23MHz 
power consumed 0.8W 2.3W 
input/output level TTL TTL 
package 155 pin CPGA 155 pin CPGA 
2§C: standard cell, GA: gate array 

other memory 32kbit included 





This ATM switch has the following features. 
(1) Equipped with ring access function 


The ring access function shown in 3.2 is incorporated 
into the switch LSIs. 


(2) Houses 622Mbit/s ring transmission path 





This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 











JPRS-JST-95-829 
25 April 1995 


sehs 
re 


Seer eee ewer ee 
































































































































poco nes <a ; <7 
oat - ee 
, y man 
429 bt Zhe sg Fg 
a) 8 hn 
ria} | 
enienediad h..k --ccel, - 
oe .—}- 
oF _ Yv7 ' 
«=, 9 
eH | 
824 — . 
- wm fy" ) 
10 ‘c— Preys 
(SS 
3 2% : 
josasa > , 
a 


ATM Switch Bleck Diagram 
Key: 1. dual ring; 2. ATM terminal; 3. ATM terminal; 4. 
ring interface; 5. SDH terminal; 6. cell header processing 
loop-back; 7. port interface; 8. LAN interface; 9. ATM 
interface; 10. ATM interface; 11. ring port; 12. access 
port; 13. cell formation; 14. frame formation; 15. cell 
switch; 16. ring access; 17. cell conversion; 18. manage- 


ment port; 19. call control CPU; 20. t 
CPU—21. node control bus; 22. te each package 


By assigning ring queues in groups of four inputs and 
outputs and controlling groups of four input/output 
lines, it was possible to house the 622Mbit/s input/ 


output line. 
(3) Relay cell copying 


By writing the relay cells to the relay queue and the port 
queue at the same time, the relay cells can be copied. 





4.3 Software 

In this network, network initialization and operations 
management functions are carried out by the manage- 
ment CPU at each local node. 

(1) Software functions 

The operations and management functions carried in 
this network are as follows. 

(a) Node and network initialization and configuration 
functions 


ee © ee @ee ee ee --<§8 eee 2c eee e@=— 7 _ 
ee ra ————> 


(b) Function for establishing user connections (PVC) by 
means of settings from the SC 


By means of settings using the SC (supervisory control 
unit), user VC connections are established and elimi- 
nated between any of the access ports. This prototype 
pia SS ont See the SVC connection control 


(c) Network failure supervision function 

Network failures, such as package failures within node 
the SC is informed and they are stored in the SC as 
history. 

(d) Network configuration management function using 
settings from the SC 

When there are node unit failures or transmission path 
(e) Function for service quality monitoring and failure 
monitoring for each VC connection 


Service quality (cell transmission delay, cell loss, erro- 
neous introduction, bit error rate) for user VC connec- 
tions is measured, VC connectivity tests carried out, and 
results sent to the SC. 


(2) Node management path 

In order to transmit operations and management infor- 
mation among nodes, this network uses two types of 
—DManagement path using VC connections 

The various local nodes are connected in a star using VC 


connections around the center node. In the upper level, a 


simple protocol is established, and control message 
transmission among nodes is carried out. 


——— communications path using the SDH 


Using the SDH frame header (SOH area, D bit), the 
information transmission path formed between adjacent 
nodes is relayed to each node, and a ring shaped control 
path is constructed. 

Use of the two communications paths is divided 
according to control content and immediacy. 


(3) Software Configuration 

A schematic of the operating and management software 
configuration with which the node management CPU is 
equipped is shown in Figure 7. As shown in the figure, 
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communications control functions that correspond to 
each of the management communications paths are 
established, and functions for upper level configuration 
management, performance/failure information accumu- 
lation, VC failure monitoring and VC quality moni- 
toring are arranged. A real-time OS (MACOS: developed 
by Matsushita Communication Industrial Co.) that con- 
forms to CTRON is used. 


” §. Conclusion 


We have developed ATM communications technology 
appropriate for the transmission of multimedia informa- 
tion. By means of this technology, digital video and 
computer data can be combined and transmitted on one 
transmission path, and a high-speed network suited to 
the transmission of multimedia information can be 
constructed. 


For example, large volume digital video data, such as the 
transmissions between video editors and the video 
server in a studio, must be transmitted with little delay. 
To handle this requirement, we can use the ATM com- 
munications technology developed this time and digi- 
talize the studio. From here on, we plan to work on the 
development of digital multimedia networks for studios 
and museums. 
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The LAN interface for the prototype ATM conversion 
node unit produced was developed by the Nagoya 
Research Center of Matsushita Electric Industrial Co. 
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Figure 7. Software Architecture 


Key: 1. performance/failure information accumulation; 
2. VC quality monitoring; 3. VC failure monitoring; 4. 
configuration management; 5. application control; 6. 
OAM communications control; 7. management commu- 
nications path control (SDH section); 8. layer 3 control; 
9. layer 2 control; 10. management communications 
path control (VC connection); 11. management commu- 
nications path contro] with SC; 12. initialization control, 
node initialization, network initialization; 13. MACOS 
(CTRON compliant real-time OS) 
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